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PREFACE 


This data book contains the latest product information which is part of the vast line of 
Fujitsu’s Telecommunications Products that supports the rapidly growing markets 
for Wireless Communications products and services. This edition includes Prescal¬ 
ers, CMOS PLLs, Super PLLs, Super Analog RF Devices, high performance Piezo¬ 
electric Bandpass SAW Filters, and Power Management Switches. All of these prod¬ 
ucts are manufactured to meet the high standard of quality and reliability that is found 
in all of Fujitsu’s products. 

Fujitsu Microelectronics, Inc. (FMI), is further committing to higher levels of prod¬ 
uct support and information responsiveness to its valued customers through the es¬ 
tablishment of a Customer Response Center (CRC) and a site on the Internet World 
Wide Web (WWW). The CRC, planned to be operational in Oct, 1995, will give you 
the convenience of calling one number (1-800-866-8608) for support of your prod¬ 
uct questions and information needs. In addition, the Internet WWW site for FMI 
(www.fmi.fujitsu.com) is in the process of being registered and will be brought on¬ 
line to give you quick and easy access to the vast array of information covering the 
large number of product lines supported by FMI. Our goal is to provide all of our 
customers the best possible support and attention they deserve. 
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RFAVIRELESS PRODUCTS 


Telecommunication Devices 

Fujitsu’s Telecom !C product offering includes a wide range of leading 
.edge RF/Wireless parts for use in diverse applications such as cellular 
telephones, cordless telephones, PCS/PCN systems, wireless PBX 
systems, wireless LAN/WAN systems, pagers, cable television convert¬ 
er boxes and a variety of portable wireless communication devices. The 
core product families for RF/Wireless applications include Prescalers, 
Phase-Locked Loops (PLLs), SingleChip PLL/Prescalers (Super 
PLLs), RF Analog Devices (Super Analog), and Piezoelectric Devices 
(SAW Filters and VCOs/Modulators). These products are manufac¬ 
tured to meet the high standard of quality and reliability that is found in all 
Fujitsu products. 

• Prescalers 

Fujitsu offers a wide range of prescaler devices capable of satisfy¬ 
ing the technical requirements of today’s applications. Features in¬ 
clude devices covering the 200 MHz to 2.7 GHz range, low power 
consumption, and a multitude of divide ratios. 

• PLLs 

The Fujitsu family of PLLs offers a wide range of operation frequen¬ 
cies with low supply current and voltages to meet many diverse de¬ 
sign requirements. A serial input programming capability is a fea¬ 
ture of all Fujitsu’s PLLs. 

• Super PLLs 

Fujitsu is one of only a few semiconductor manufacturers to offer 
single-chip PLUPrescaler devices and was the creator of the in¬ 
dustry standard MB1501. These devices are manufactured using 
an advanced BiCMOS process that combines high speed and low 
power consumption in a single chip. With the increased emphasis 
on board space reduction to improve cost, reliability, and overall 
end product size for portable applications, these single-chip de¬ 
vices are an ideal solution for wireless systems designers. 

• Super Analog 

Included are a series of highly integrated Analog RF devices such 
as Low Noise Amplifiers (LNA), Modulators, Demodulators and 
Mixers that are typically used in the front ends of mobile and porta¬ 
ble wireless communication systems. These include single and 
multi-function devices based on Fujitsu’s advanced RF 
BiCMOS and Bipolar processes which are second to none. 

• Piezoelectric Devices 

Fujitsu’s lithium tantalate piezoelectric bandpass SAW Filters pro¬ 
vide sharp roll-off characteristics and excellant stability over tem¬ 
perature in very small 3.8 mm x 3.8 mm or 5 mm x 5 mm surface 
mount packages. Standard transmit and receive frequencies are 
available for AMPS, NTACS, ETACS, NMT/GSM, NTT, PDC and 
ISM/USA. This family of devices also includes a series of Voltage 
Controlled Oscillators (VCOs) and Modulators 
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RFAVIRELESS PRODUCTS 


Quick Selection Guide - 

Prescaler, Super Analog 


Applicatio 

Frequencv 

n 


Bipolar Prescalers 


2.5 GHz - 

1 

MB506 1 

1 

1 

1 1 MB510 

MB508 I I 

1 

1 


2.0 GHz - 

1 

1 

1 

I I 

I I 

j 


1.5 GHz - 

1 

MB50S-16i 
MB507 \ 

1 

1 

I I 

I I 

1 


1.0 GHz - 

1 

MB511 I 

1 

1 

MB501L j MB501LV j MB501SL j MB509 

MB551 

0.5 GHz - 

I 

I 

I 

MB504 ' 

1 

1 

MB504L ‘ MB504LV ^ 

1 1 

1 1 

1 

1 

1 



Single 

Modulus 

Dual 

Modulus 

Dual Dual Dual 

Modulus Modulus Modulus 

& Low & Low & Super 

Current Voltage Low 

Power 

1 

Dual 
Modulus 
& Power 
Saving 

Prescaler 

&VCO 

Application 

Frequency 



Super Analog Devices 

III 1 


2.5 GHz 

I 

I 


1 1 1 

1 1 1 

1 

1 


2.0 GHz 

I 

I 

I 


1 1 1 

1 1 1 

i i i 

1 

1 

1 

<MB54619> 

1.5 GHz 

I 

I 

<MB539> 

1 1 1 

1 1 1 

1 

1 


1.0 GHz 

<MB531> 1 

1 


1 <MB54501>I <MB54502> • 

1 1 1 

<MB54503> ' 

1 

<MB54609> 

0.5 GHz 

1 

1 

1 


1 1 1 

1 1 1 

1 1 1 

1 

1 

.. . 4 . 



' ' T. 

Mixer Low Noise 

Amo 

Low Noise Dual Low 

Amp & Mixer Noise Amp 

Med. Power 

Amp 

Quadrature 

Modulators 














RFAVIRELESS PRODUCTS 


Quick Selection Guide - CMOS PLLs, Super PLLs 


Application 

Frequency 

250 MHz 


Fujitsu CMOS PLLs 


MB87091 


200 MHz 

150 MHz 

100 MHz 


MB87086A 


MB87093A 

MB87095A 

MB87096A 


MB87014A 


50 MHz 


MB87001A 

MB87006A 

MB87076A 

MB87087 


MB87094 


Wide Voltage PLL w/o PLL w/o PLL & Very Low Low Voltage 

Range & Swallow Cntr. Swallow Cntr., Prescaler Voltage High Freq. 

Swallow Cntr. Fixed Divide 

Ratios in (SSOP) 



Current Analog Switch Divide Ratios Package 

(SSOP) Device Type 

Note: L suffix s Low speed lock up; H suffix = High speed lock up 

* Not for New Designs 
*• New Products 
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RFTWIRELESS PRODUCTS 


Bipolar Prescaiers - 200 MHz to 2.7 GHz 


Device 

Part No. 

Frequency 

(Maximum) 

Divide 

Ratio 

*cc (Typ-) 

Vcc 

Package 

MB501L 

1.1 GHz 

64/65, 128/129 

10 mA 

5V 

8-pin DIP, SOP 

MB501LV 

1.1 GHz 

64/65, 128/129 

12 mA 

3 V 

8-pin DIP, SOP 

MB501SL 

1.1 GHz 

64/65, 128/129 

5 mA 

5V 

8-pin DIP, SOP 

MB504 

520 MHz 

32/33, 64/65 

10 mA 

5V 

8-pin DIP. SOP 

MB504L 

520 MHz 

32/33, 64/65 

5 mA 

5 V 

8-pin DIP, SOP 

MB504LV 

520 MHz 

32/33, 64/65 

6 mA 

3 V 

8-pin DIP, SOP 

MB505-16 

1.6 GHz 

128, 256 

9 mA 

5V 

8-pin DIP, SOP 

MB506 

2.4 GHz 

64, 128, 256 

18 mA 

5V 

8-pin DIP, SOP 

MB507 

1.6 GHz 

128/129, 256/257 

18 mA 

5 V 

8-pin DIP, SOP 

MB508 

2.3 GHz 

128/129, 256/257, 
512/514 

24 mA 

5 V 

8-pin DIP, SOP 

MB509 

1.1 GHz 

64/65,128/129 

12 mA 

5 V 

8-pin DIP, SOP 

MB510 

2.7 GHz 

128/144, 256/272 

10 mA 

5 V 

8-pin DIP. SOP 

MB511 

1.0 GHz 

1.2,8 

23 mA 

5 V 

8-pin DIP, SOP 


Prescaler/VCO 


Device 

Part No. 

Frequency 

(Maximum) 

Divide 

Ratio 

*cc (Typ.) 

Vcc 

Package 

MB551 

1.0 GHz 

128/129 1 

16 mA 

5V j 

8-pin SOP 


Super Analog Devices 


Device 

Part No. 

Frequency 

(Maximum) 

Features 

*cc (Typ-) 

Vcc 

Package 

MB531 

1.1 GHz 

Tx Mixer 

12.7 mA 

5 V 

8-pin SSOP 

MB539 

1.6 GHz 

Low Noise Amp 

8 mA 

5 V 

8-pin SSOP 

MB54501 

1.1 GHz 

LNA/Mixer 

6 mA 

3 V 

16-pln SSOP 

MB54502 

1.1 GHz 

Dual LNAs 

4 mA 

3 V 

16-pin SSOP 

MB54503 

1.1GHz ' 

PA Driver Amp 

26 mA 

3.6 V 

16-pin SSOP 

MB54609 

1.0 GHz 

l/Q Modulator 

20 mA 

3V 

20-pin SSOP 

MB54619 

2.0 GHz 

l/Q Modulator 

25 mA 

3 V 

20-pin SSOP 
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RFAVIRELESS PRODUCTS 


Low Power CMOS Phase Locked Loops (PLLs) 




Divide Ratio 





flN MHz 

N 

A 

R 




Device 

0 3V/5V 

Prog. 

Swal- 

Refer. 

Iqd 



Part No. 

(max) 

Ct. 

low 

Ct. 

0 3V/5V 

VpD 


MB87001A 

10/13 

5-1023 

0-127 

5-2048 

2.0/3.0 

2.7-5.5 V 

16-pin DIP, SOP 

MB87006A 

10/17 

5-1023 

0-127 

Binary 

5-16383 

2.5/3.5 

3.0-6.0 V 

16-pin DIP, SOP 

MB87014A 

-/180 

5-1023 

0-63 

Binary 

5-65535 

-V8.0 

4.5-5.5 V 

16-pin DIP, SOP 

MB87076 

10/10 

5-2047 

0-127 

Binary 

5-16383 

2.5/3.0 

2.7-5.5 V 

16-pin DIP, SOP 

MB87086A 

-/95 

5-1023 

- 

Binary 

5-65535 

-/8.0 

4.5-5.5 V 

16-pin DIP, SOP 

MB87087 

10/17 

5-1023 

0-127 

Binary 

5-16383 

2.5/3.5 

3.0-6.0 V 

16-pin DIP. SOP 

MB87091 

300/- 

5^095 

0-63 

Binary 

5-16383 

8.0/- 

2.7-3.3 V 

16-pin DIP, SOP, 

SSOP 

MB87093A 

-/145 

725 

- 

64 

^10 

4.5-5.5 V 

16-pin SSOP 

MB87094 

15 @ 1.1 V 

5-2047 

0-127 

Binary 

5-4095 

1 0 1.1 V 

1.1 -1.7 V 

16-pin SSOP 

MB87095A 

-/110 

550 

- 

64 

-710 

4.5-5.5 V 

16-pin SSOP 

MB87096A 

-/90 

750 

- 

128 

-/10 

4.5 - 5.5 V 

16-pin SSOP 






RF/WIRELESS PRODUCTS 


BiCMOS Single-Chip PLL/Prescalers (Super PLLs) 


Device 

Part No. 

Prescaler 

PLL 

•cc (typ) 

Vcc 

Package 

^IN 

(max) 

Divide 

Ratio 

N 

Prog. Ct. 

A 

Swallow 

Ct. 

R 

Refer. Ct. 

MB15A01 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

6-16383 

6.5 mA 

3V 

16-pin SSOP 

MB15B01** 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

13 mA 

3 V 

20-pin SSOP 

MBisor 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

15 mA 

3-5 V 

16-pin DIP, SOP 

MB1501H* 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

15 mA 

3-5 V 

16-pin SOP 

MB1501L* 

1.1 GHz 

64/65 

128/129 

Binary 

ie-2047 

Binary 

0-127 

Binary 

8-16383 

15 mA 

3-5 V 

16-pin SOP 

MB15A02 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

6-16383 

7 mA 

5V 

16-pin SSOP 

MB1502 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

5V 

16-pin SOP 

MB1502H 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

5V 

16-pin SOP 

MB15B03** 

1.1 GHz 

0.3 GHz 

64/65, 

128/129 

16/17, 

32/33 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

10 mA 

3V 

16-pin SSOP 

MB15F03** 

2.0 GHz 

0.5 GHz 

64/65, 

128/129 

16/17, 

32/33 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

9 mA 

3V 

16-pin SSOP 

MB1503 

1.1 GHz 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

5V 

16-pin SOP 

MB1504* 

520 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

10 mA 

3-5 V 

16-pin SOP 

MB1504H* 

520 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

10 mA 

3-5 V 

16-pin SOP 

MB1504L* 

520 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

10 mA 

3-5 V 

16-pin SOP 

MB15E05 

2.0 MHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-255 

Binary 

8-16383 

6 mA 

3V 

16-pin SSOP 

MB1505 

600 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-63 

Binary 

8-16383 

6 mA 

5V 

16-pin SOP 

MB15E06 

2.5 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-255 

Binary 

8-16383 

7 mA 

3V 

16-pin SSOP 

MB1506 

2.0 GHz 

128/129 

256/257 

Binary 

5-2047 

Binary 

0-255 

Binary 

8-16383 

18 mA 

5V 

20-pin SSOP 


* Not for New Designs 
** Dual PLL/prescaler set 
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RFAVIRELESS PRODUCTS 


BiCMOS Single-Chip PLL/Prescalers (Super PLLs) continued 


MB1507 

2.0 GHz 

128/129 

256/257 

Binary 

16-2047 

Binary 

0-255 

Binary 

8-16383 

18 mA 

5V 

16-pin SOP 

MB1508 

2.5 GHz 

256/272 

512/528 

Binary 

32-4095 

Binary 

0-31 

256/512 

1024/2048 

16 mA 

5V 

20-pin SOP 

MB1509** 

400 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

512,1024 

8 mA 

3V 

20-pin SOP 

MB15U10** 

1.1 GHz 

NA 

Binary 

1024- 

131071 

NA 

Binary 

6-4095 

7 mA 

3V 

20-pin SSOP 

MB1510** 

1,1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

512,1024 

15 mA 

3-5V 

20-pin SOP 

MB15Bir* 

1.1 GHz 

0.4 GHz 

64/65, 

128/129 

32/33, 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

9.5 mA 

3V 

20-pin SSOP 

MB1511 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

7 mA 

3-5 V 

20-pin SSOP 

MB1512 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

7 mA 

3-5V 

20-pin SSOP 

MB15B13** 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

13 mA 

3V 

20-pin SSOP 

MB1513 

1.1 GHz 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

7 mA 

3-5V 

20-pin SSOP 

MB1514** 

400 MHz 

64/65 

Binary 

16-2047 

Binary 

0-127 

1700 

8 mA 

3V 

20-pin SOP 

MB1515 

2.5 GHz 

256/272 

512/528 

Binary 

32-4095 

Binary 

0-31 

256, 512 

1024, 2048 

6.5 mA 

5V 

20-pin SSOP 

MB15A16 

1.1 GHz 

NA 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

6.5 mA 

3V 

16-pin SSOP 

MB1516A 

1.1 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

6.5 mA 

3V 

16-pin SSOP 

MB1517A 

2.0 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-255 

Binary 

6-16383 

14 mA 

3V 

16-pin SSOP 

MB1518 

2.5 GHz 

512/528 

Binary 

32-511 

Binary 

0-^1 

512 

16 mA 

5V 

16-pin SOP 

MB15A19** 

600 MHz 

64/65 

Binary 

16-2047 

Binary 

0-127 

256,2048 

11 mA 

3V 

20-pin SOP 

MB1519** 

600 MHz 

64/65 

Binary 

16-2047 

Binary 

0-127 

512,1024 

11 mA 

3V 

20-pin SOP 

MB15SXX 

Series 

300 MHz 

16/17 

Binary 

5M095 

Binary 

0-31 

Binary 

5-4095 

3.5 mA 

3V 

8-pin SSOP 

MB15S02 

284 MHz 
116 MHz 

16/17 

Fixed 17 
Fixed 7 

Fixed12 
Fixed 4 

Fixed 13 

Fixed 13 

3.5 mA 

3V 

8-pin SSOP 


* Not for New Designs 
** Dual PLL/prescaler set 
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RFAVIRELESS PRODUCTS 


MO 


1 


_ PIEZOELECTRIC DEVICES 

F5CB Series SAW Filters for Mobile Communications 


The F5CB series are wide bandpass Surface Acoustic Wave 
(SAW) filters for use in the 700 MHz to 1 GHz range. The F5CB 
series uses a single lithium tantalate piezoelectric crystal (Li* 
Ta 03 ) which has a high electromechanical coupling coefficient. 
The LiTaOs also provides wide bandwidths and exceptional sta¬ 
bility. Fujitsu’s exclusive mounting technology makes the F5CB 
series very compact and surface mountable. The F5CB is suit¬ 
able for use in handheld cellular phones. 


Considerably smaller and lighter than a ceramic filter 
Surface mount package (SMT) 

High stopband attenuation types available 
Wide variety of bandwidths for world-wide systems 
Low insertion loss 

High power rating: 0.2 W guaranteed 
External impedance matching 

Package : 8-pad ceramic LCC (5,0 mm x 5.0 mm x 1.5 mm) 


Product Line-up 


Part Number 

System 

Use 

Center Frequency (MHz) 

Bandwidth 

(MHz) 

Comment 

FAR-F5CB-836M50-G201 

AMPS/ADC 

Tx 

836.5 

25 


FAR-F5CB-881M50-G201 

AMPS/ADC 

Rx 

881.5 

25 


FAR-F5CB-881M50-G211 

AMPS/ADC 

Rx 

881.5 

25 

High stopband 
attenuation 

FAR-F5CB-888M50-G201 

ETACS 

Tx 

888.5 

33 


FAR-F5CB-933M50-G202 

ETACS 

Rx 

933.5 

33 


FAR-F5CB-933M50-G212 

ETACS 

Rx 

933.5 

33 

High stopband 
attenuation 

FAR-F5CB-902M50-G201 

NMT/GSM 

Tx 

902.5 

25 


FAR-F5CB-947M50-G201 

NMT/GSM 

Rx 

947.5 

25 


FAR-F5CB-947M50-G211 

NMT/GSM 

Rx 

947.5 

25 

High stopband 
attenuation 

FAR-F5CB-911M50-G201 

NTACS 

Tx 

911.5 

27 


FAR-F5CB-933M50-G201 

NTT 

Tx 

933.5 

17 


FAR-F5CB-878M50-G201 

NTT 

Rx 

878.5 

17 



Package 


8 Pad Ceramic LCC 


(BOTTOM VIEW) 




5 mm 


(TOP VIEW) 




5 mm (SIDE VIEW) 
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PIEZOELECTRIC DEVICES 


F5CC (L2) Series SAW Filters - 50£2 Matched for Mobile Communication 


The F5CC series are wide bandpass Surface Acoustic Wave 
(SAW) filters for use In the 700 MHz to 1 GHz range. The F5CC 
series uses a single lithium tantalate piezoelectric crystal (LI- 
Ta 03 ) which has a high electromechanical coupling coefficient. 
The LiTa 03 also provides wide bandwidths and exceptional sta¬ 
bility. The F5CC( L2) series Is ultra compact and surface mount- 
able which makes It suitable for use In hand held cellular phones 


Ultra compact, light weight 
No external matching circuitry necessary 
Lower Insertion loss 
SMT Package 

Wide variety of standard products for ail the world’s major 
telecommunications systems 

High power rating: 0.2 W 

Package : 6-pad ceramic LCC (3.8 mm x 3.8 mm x 1.5 mm) 


Product Line-up - Standard Version 


Part Number 

System 

Part Symbol 

Center Frequency (MHz) 

Bandwidth (MHz) 

FAR-F5CC-836M50-L2AA 

AMPS/ADC (Tx) 

AA 

836.5 

25 

FAR-F5CC^81 M50-L2AB 

AMPS/ADC (Rx) 

AB 

881.5 

25 

FAR-F5CC-933M50-L2BA 

NTT (Tx) 

BA 

933.5 

17 

FAR-F5CC-878M50-L2BB 

NTT (Rx) 

BB 

878.5 

17 

FAR-F5CC^88M50-L2CA 

ETACS (TX) 

CA 

888.5 

33 

FAR-F5CC-933M50-L2CB 

ETACS (RX) 

CB 

933.5 

33 

FAR-F5CC~911M50-L2DA 

NTACS (Tx) 

DA 

911.5 

27 

FAR-F5CC^56M50-L2DB 

NTACS (Rx) 

DB 

856.5 

27 

FAR-F5CC-902M50-L2EA 

NMT/GSM (Tx) 

EA 

902.5 

25 

FAR-F5CC-947M50-L2EB 

NMT/GSM (Rx) 

EB 

947.5 

25 

FAR-F5CC-697M50-4-2KA 

E-GSM (Tx) 

KA 

897.5 

35 

FAR-F5CC-942M50-L2KB 

E-GSM (Rx) 

KB 

942.5 

35 

FAR-F5CC-950M0O-L2FA 

PDC (Tx) 

FA 

950.0 

20 

FAR-F5CC-820M0O-L2FB 

PDC (Rx) 

FB 

820.0 

20 

FAR-F5CC-915M00-L2JA 

ISMAJSA 

JA 

915.0 

26 

FAR-F5CC-935M00-L2LA 

2-Way Pager 

LA 

935.0 

12 


Product Line-up - High Attenuation Version 


Part Number 

System 

Part Symbol 

Center Frequency (MHz) 

Bandwidth (MHz) 

FAR-F5CC-836M50-L2AZ 

AMPS/ADC (Tx) 

AZ 

836.5 

25 

FAR-F5CC-881M50-L2AY 

AMPS/ADC (Rx) 

AY 

881.5 

25 

FAR-F5CC-902M50-L2EZ 

NMT/GSM (Tx) 

EZ 

902.5 

25 

FAR-F5CC-947M50-L2EY 

NMT/GSM (Rx) 

EY 

947.5 

25 

FAR-F5CC-947M50-L2EX 

NMT/GSM (Rx) 

EX 

947.5 

25 

FAR-F5CC-942M50-L2KY 

E-GSM (Rx) 

KY 

942.5 

35 

FAR-F5CC-915M00-L2 JZ 

ISM/USA 

JZ 

915.0 

26 
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PIEZOELECTRIC DEVICES _ 

F6Cx (L2) Series SAW Filters - 50n Matched for Mobile Communication 


The F6Cx series are wide bandpass Surface Acoustic Wave 
(SAW) filters for use in the 1 GHz to 2.5 GHz range. The F6Cx 
series uses a single lithium tantafate piezoelectric crystal (Li- 
TaOs) which has a high electromechanical coupling coefficient. 
The LiTaOa also provides wide bandwidths and exceptional sta¬ 
bility. The F6Cx(L2) series is ultra compact and surface mount- 
able which makes it suitable for use in hand held cellular and PCS 
phones. Several new standard devices for PCS/PCN Systems 
have recently been added to the F6Cx Series SAW Filters. 


• Ultra compact, light weight 

• No external matching circuitry necessary 

• Lower insertion loss 

• SMT Package 

• Wide variety of standard products for all the world’s major 
telecommunications systems 

• High power rating: 0.2 W 

• Packages: 

F6CC {L2): 6-pad ceramic LCC (3.8 mm x 3.8 mm x 1.5 mm) 
F6CE (L2): 6-pad ceramic LCC (3.0 mm x 3.0 mm x 1.2 mm) 


Product Line-up - Standard Version 


Part Number 

System 

Part Symbol 

Center Frequency (MHz) 

Bandwidth (MHz) 

FAR-F6CC-1G4410-L2ZA 

PDC (Tx) 

ZA 

1441.0 

24 

FAR-F6CC-1G4890-L2ZB 

PDC (Rx) 

ZB 

1489.0 

24 

FAR-F6CC-1G6190-L2ZN 

PDC (Lo) 

ZN 

1619.0 

24 

FAR-F6CE-1G7475-L2YA 

DCS (Tx) 

YA 

1747.5 

75 

FAR-F6CE-1G8425-L2YB 

DCS (Rx) 

YB 

1842.5 

75 

FAR-F6CE-1G8800-L2XA 

PCS (Tx) 

XA 

1880.0 

60 

FAR-F6CE-1G9600-L2XB 

PCS (Rx) 

XB 

1960.0 

60 

FAR-F6C E-2G4500-L2WA 

ISM/WLAN 

WA 

2450.0 

100 
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PIEZOELECTRIC DEVICES 


M2 Series (D100) General Purpose Voltage Controlled Oscillators 


The M2 series (D100) voltage controlled oscillators (VCO) oper¬ 
ate In the frequency range of 4 to 30 MHz. The M2 series uses a 
single lithium tantalate piezoelectric crystal (LITaOa) which has a 
high electromechanical coupling coefficient. The LITaOs also 
provides a wide variable frequency range and exceptional stabil¬ 
ity. 


• Wide variable frequency width: ± 0.2% 

• High precision oscillation frequency, ready for use without ad¬ 
justment 

• High reliability due to hermetically sealed package 

• Custom frequencies also available 

• Package: 4 pin metal case compatible with 14 pin DIP IC 
package 



Standard Frequencies (MHz) 



Package 
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PIEZOELECTRIC DEVICES 


M2 Series (D300) Voltage Controlled Oscillators for Digital Audio 


The M2 series (D300) voltage controlled oscillators (VCO) oper¬ 
ate in the frequency range of 4 to 30 MHz. They use a single lithi¬ 
um tantalate piezoelectric crystal (LiTaOa) which has a high elec¬ 
tromechanical coupling coefficient. The LiTaOa also provides a 
wide variable frequency range and exceptional stability. The 
D300 module contains 3 VCOs for the three sampling frequen¬ 
cies used in digital audio equipment (32,44.1, and 48 kHz). The 
frequencies are selected by external signals. 

• Clock replay in response to 3 sampling frequencies (32,44.1 
and 48 kHz) 

• Wider variable frequency width than in quartz crystals: 
± 0.1 % or more 


Standard Combinations of Frequencies 


Type A 

foi (L) 

8.192 MHz 

32 kHz X 256 


f02 (M) 

11.290 MHz 

44.1 kHz X 256 


f03(H) 

12.288 MHz 

48 kHz X 256 

Type B 

foi (L) 

12.288 MHz 

32 kHz X 384 


f02(M) 

16.934 MHz 

44.1 kHz X 384 


f03(H) 

18.432 MHz 

48 kHz X 384 

TypeC 

foi (L) 

16.384 MHz 

32 kHz X 512 


f02(M) 

22.579 MHz 

44.1 kHz X 512 


f03(H) 

24.576 MHz 

48 kHz X 512 


• Excellent stability for signal noise reproduced by high quality 
of the lithium tantalate 

• 100 times more stable than VCOs of LC and TTL 1C configu¬ 
ration 

• 3 sampling frequencies controlled at CMOS logic level 

• Compatible with the Electronic Industry Association of Japan 
(EIAJ) digital I/O standard type II (consumer digital audio 
equipment), Level I (high resolution mode and Level II (stan¬ 
dard resolution mode) 

• Package: 16 pin Single in Line Package for high density 
mounting 


Package 
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PIEZOELECTRIC DEVICES 


1 


M3 Series (D001) General Purpose SAW 

The M3 series (D001) voltage controlled oscillators (VCO) oper¬ 
ate in the frequency range of 50 to 300 MHz. They use a single 
lithium tantalate (LITaOa) SAW resonator. The M3 series VCOs 
oscillate directly in the VHF band up to 300 MHz and have a wide 
variable frequency range and high temperature stability. 

• Direct oscillation at high frequencies: 50 to 300 MHz 

• Wider variable frequency range: 800 ppmA/or more (0.5 to 
4.5 V) 

• Superb temperature characteristics: ±200 ppm (0 to 60°C) or 
less 

standard Frequencies 


Voltage Controlled Oscillators 

• High-precision oscillation frequency, ready for use without 
adjustment 

• High reliability due to hermetically sealed package 

• High carrier noise ratio: -90 dB or less (12.5 kHz detuning, 
8 kHz band) 

• Frequency offset by built-in offset terminal 

• Package: 5 pin metal case compatible with 16 pin DIP 1C 
package 


Frequency 

Application 

Part Number 

74.25 MHz 

Professional HDTV 

M3DA-74M250-D001 

97.20 MHz 

Transmission Standard HDTV 

M3DA-97M200-D001 

115.52 MHz 

Broad-band ISDN 

M3DA-155M52-D001 
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PIEZOELECTRIC DEVICES 


M3 Series (D101) SAW Modulators 

The M3 series (D101) SAW modulators contain direct oscillators 
(50 MHz to 300 MHz). They use a single lithium tantalate (LiTaOa) 
SAW resonator. The M3 series modulators can be used in direct 
modulation applications requiring high modulation sensitivity and 
a high signal to noise ratio in the VHF band (up to 300 MHz) 

• High frequency direct modulation: 50 to 300 MHz 

• High modulation sensitivity: 800 ppm/V min. (0.5 to 4.5 V) 

• Excellent modulation distortion ratio: 40 dB max. (1 kHz to 
1.75 kHz dev.) 


• Excellent signal to noise ratio: -50 dB max. 

• Excellent temperature characteristic: + 200 ppm max. (-20 to 
70OC) 

• Highly reliable hermetically sealed package 

• Package: 5 pin metal case compatible with 14 pin DIP 1C 
package 


Standard Frequency 


Standard Frequency 

Application 

Part Number 

145.0 MHz 

Mobile Phone 

M3DA-145MOO-D101 


Package 
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POWER MANAGEMENT DEVICES 


MB3802 — Power Management Switch 

• Enhance PC Notebook Battery Life With This Power-Having 
Switch 

The notebook PC typifies the recent trend in electronic devices towards 
compact, lightweight, battery-driven products that can be used any¬ 
where, anytime. Use of this 1C facilitates the contribution to the “green 
computer.” 

A major problem with such battery-driven devices is brief or insufficient 
battery life. This has focused attention on the issues of reducing power 
consumption and simultaneously extending battery life. Notebook PCs 
and other small computers switch off power to peripheral devices (hard 
or floppy disk drives, PCMCIA Cards, etc.) that are not operating. The 
circuits that control the switches, however, are either 3V or 5V circuits 
and operate constantly, consuming energy. 

To control power lines to peripheral devices, FUJITSU has developed 
the MB3302 low-voltage input switch (V|n > 2.2V typ.), which consumes 
no current when the switches are turned off. 

MB3807A - Flash Memory Power 
Management Switch 

Fujitsu has specifically developed the MB3807A to efficiently control 
Flash Memory devices, however it Is also ideally suited for power control 
of other battery powered portable applications. The MB3807A consists 
of two SPOT switches, with each switch consisting of one pole suited for 
higher current requirements (.5 Amps) at typically 12 Volts and the other 
pole suited for lower current requirements (.1 Amps) typically from 3/5 
Volt sources. 


POWER MANAGEMENT DEVICES 


MB3802 — Power Management Switch 

• Controls power lines to peripheral devices 

• Greatly extends use of battery-driven notebook PCs 

• Operates on low input voltage, ideal for use in 3V systems 

• Low On Resistance : 120mQ x 2 channels 

(Power NMOS PET Included) 

• Low Leak Current : < 1 nA (Both Directions) 


Product Line-up - Power Management Switches 


Part Number 

Number of 
Channels 

ON 

Resistance 

Handling 

DC Current 

Handling 

Voltage 

Switch 

Mode 

Applications 

MB3802 

2 

0.12 Q 

1.2A 

<7V 

SPST 

Notebooks 
Laptops 
Handhelds 
Portables 
PCMCIA Cards 

MB3807A 

2 

0.3 Q 

6Q 

0.5A 

0.1A 

<15V 

SPDT 

Flash Memory 
PCMCIA Cards 


• Small Supply Current : ON State 100 pA 

OFF State 0 |iA 

• Low Control Voltage : 2.5V ~ 6V 

• Rush Current Protection 

• Small Package : Narrow SOP16 


MB3802 Block Diagram and External Connections 



* The above block is repeated independently for Channel A and Channel B; the GND is common. 


1-20 





POWER MANAGEMENT DEVICES 
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MB3807A — Power Management Switch for Flash Memory 


Power Management Switch for Flash Memory 
Compatibility for a PCMCIA Digital Interface 
Controls Two PCMCIA Card Slots 


Low On Resistance ; 12V Port 0.3Q 
SVPort 6Q 

5V Port Supports 3.3V and 5V Operation 
Small Package : Narrow SOP16 


Product Line>up - Power Management Switches 


Part Number 

Number of 
Channels 

ON 

Resistance 

Handling 

DC Current 

Handling 

Voltage 

Switch 

Mode 

Applications 

MB3802 

2 

0.12 Q 

1.2A 

<7V 

SPST 

Notebooks 
Laptops 
Handhelds 
Portables 
PCMCIA Cards 

MB3807A 

2 

I 

0.3 

6Q 

0.5A 

0.1A 

< 15V 

SPOT 

Flash Memory 
PCMCIA Cards 


MB3807A Block Diagram and External Connections 
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- SECTION 2 

Prescalers -At a Glance 


Fujitsu offers a wide range of prescaler devices capable of satisfying the technical requirements of today’s 
applications. Features include devices covering the 200 MHz to 2.7 GHz range, low power consumption, 
and a multitude of divide ratios. 


Page 

Number 

Device 

Part 

Number 

♦in (max) 

Divide Ratio 

icc (‘yp) 

Vcc 

Package 

2-3 

MB501L 

1.1 GHz 

64/65, 128/129 

10 mA 

5 V 

8-pin, DIP, SOP 

2-15 

MB501LV 

1.1 GHz 

64/65, 128/129 

12 mA 

3V 

8-pln, DIP, SOP 

2-25 

MB501SL 

1.1 GHz 

64/65, 128/129 

5 mA 

5 V 

8-pin, DIP, SOP 

2-3 

MB504 

520 MHz 

32/33, 64/65 

10 mA 

5V 

8-pin, DIP, SOP 

2-3 

MB504L 

520 MHz 

32/33, 64/65 

5 mA 

5 V 

8-pin, DIP, SOP 

2-15 

MB504LV 

520 MHz 

32/33, 64/65 

6 mA 

3 V 

8-pin, DIP, SOP 

2-35 

MB505-16 

1.6 GHz 

128, 256 

9 mA 

5 V 

8-pin, DIP, SOP 

2-39 

MB506 

2.4 GHz 

64, 128, 256 

18 mA 

5 V 

8-pin, DIP, SOP 

2-43 

MB507 

1.6 GHz 

128/129, 

256/257 

18 mA 

5 V 

8-pin, DIP, SOP 

2-51 

MB508 

2.3 GHz 

128/129, 

256/257 

24 mA 

5 V 

8-pin, DIP, SOP 

2-59 

MB509 

1.1 GHz 

64/65, 128/129 

12 mA 

5V 

8-pin, DIP, SOP 

2-67 

MB510 

2.7 GHz 

128/144, 

256/272 

10 mA 

5 V 

8-pln, DIP, SOP 

2-73 

MB511 

1.0 GHz 

1,2,8 

23 mA 

5 V 

8-pin, DIP, SOP 

2-81 

i MB551 

1.0 GHz 

128/129 

16 mA 

5 V 

8-pin, SOP 
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TWO MODULUS PRESCALERS 

The Fujitsu MB501L7504/504L are two modulus prescalers, which are use with 
a frequency synthesizer to make a PLL (Phase Locked Loop). They will divide 
the Input frequency by the modulus of 64/65 or 128/129 for the MB501L, and 
32/33 or 64/65 for the MB504/MB504L. The MB501L and MB504L are 
low-power versions. The output of 1.6V peak to peak on ECL level applies to all. 


• High Operating Frequency, Low Power Operation; 

1.1GHz at 50mW typ. (MB501L) 

520MHz at 50mW typ. (MB504) 

520MHz at 25mW typ. (MB504L) 

• Pulse Swallow Function 

• Wide Operation Temperature Ta = -40®C to +85°C 

• Stable Output Amplitude: Vqut = 1 .6Vp-p 

• Complete PLL synthesizer circuit with the Fujitsu MB87001 A, PLL 
synthesizer 1C 

• Plastic 8-pin Standard Dual-ln-Line Package or space saving Flat Package 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V|N 

-0.5 to Vcc 

V 

Output Current 

Vo 

10 

mA 

Ambient Temperature 

Ta 

-40 to +85 

X 

Storage Temperature 

Tstg 

-55 to+125 

“C 


Note: Permanentdevice damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-08P>M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


IN 

Vcc 

sw 

OUT 



IN 

NC 

MC 

GND 


This device contains circuftry to protectthe inputs against damage 
due to high static voltages orelectric fields. However, it is advised 
^at normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high 
impedance circuit. 


Copyright © 1990 by FUJITSU LIMITED 
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MB501L 

MB504 

MB504L 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

input 

2 

Vcc 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

NC 

Non Connection 

8 

m 

Complementary Input 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current ! 

lo 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

«c 

Load Capacitance 

Cl 



12 

pP 









MB501L 

MB504 

MB504L 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min. 

TVp. 

Max. 

Power Supply Current 

MB501L 

Ice 

I/O pins are open 


10 

14* 

mA 

MB504 


10 

14* 

mA 

MB504L 


5 

7* 

mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp-p 

Input Frequency 

MB501L 

f|N 

With input coupling 
capacitor lOOOpF 

10 


1100 

MHz 

MB504 

10 


520 

MHz 

MB504L 

10 


520 

MHz 

Input Signal Amplitude for IN 

MB501L 

Pin 


-4 


5.5 

dBm 

MB504 

-12 


10 

dBm 

MB504L 

-12 


10 

dBm 

High Level Input Voltage for MC 

V|HM 


2.0 



V 

Low Level Input Voltage for MC 

ViLM 




0.8 

V 

High Level Input Voltage for SW 

V|HS" 


Vcc-0.1 

Vec 

Vcc+0.1 

V 

Low Level Input Voltage for SW 

V|LS 


OPEN 

V 

High Level Input Current for MC 

l|HM 

V|H = 2.0V 



0.4 

mA 

Low Level Input Current for MC 

>ILM 

V|L = 0.8V 

-0.2 



mA 

Modulus Set-uo Time 
MCtoOUT 

MB501L 

tSET 



16 

26 

ns 

MB504 


20 

30 

ns 

MB504L 


18 

28 

ns 


Note: •Vcc = 5V,Ta = 25'>C 
•* Design Guarantee 
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MB501L 

MB504 

MB504L 


MB501L TIMING CHART (2 MODULUS) 

Example: Divide Ratio of 64/65 


64 65 



i 


tsET ' ' tsET 


Note: When divide ratio of 65 is selected, positive pulse is applied by one to 33. 

The typical set up time is 16ns (MB501L) from the MC signal input to the timing of 
change of prescaler divide ratio. 
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MB501L 

MB504 

MB504L 



Ci: lOOOpF 
C 2 : lOOOpF 
C3: 0.1 fiF 

Cl: 12pF (including scope and jig capacitance) 






TYPICAL CHARACTERISTICS CURVES 



Figure 3. Input Signal Amplitude vs. Input Frequency 



5 10 20 50 100 200 500 1000 

INPUT FREQUENCY (MHz) 


Figure 4. Input Signal Amplitude vs. Input Frequency 

















Figure 6. Typical Application Example 






PACKAGE DIMENSIONS 



+ .014 



TYP. (0.46 zfcO.08) 

Dimensions in inches (millimeters). 


©1988 FUJITSU LIMITED D08006S-2C 







MB501L 

MB504 

MB504L 


PACKAGE DIMENSIONS (Continued) _ 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 



Dimensions in inches (millimeters). 

©1988 FUJITSU LIMITED F08002S-3C 
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MB501LV/504LV 

LOW VOLTAGE/LOW POWER TWO MODULUS PRESCALERS 


2 



LOW VOLTAGE/LOW POWER TWO MODULUS PRESCALERS 

The Fujitsu MB501LV/504LV are low power and low voltage versions of 
MB501/504, two modulus prescalers used with a frequency synthesizer to make 
a Phase Locked Loop (PLL). They will divide the Input frequency by the modulus 
of 64/65 or 128/129 for the MB501LV, and 32/33 or 64/65 for the MB504LV. The 
output level Is 1.1V peak to peak on ECL level. 


• Wide Low Voltage Operation 3.0V typ., +2.7 to 4.5V 

• High Frequency Operation, Low Power Operation (Vj^ = -12dBm min.) 

1.1 GHz at 36mW typ. (MB501 LV) 

520MHz at 18mW typ. (MB504LV) 

• Pulse Swallow Function 

• Wide Operation Temperature Ta = -A0°C to +85°C 

• Stable Output Amplitude Vqut = 1-1 Vp-p typ. 

• Built-in a termination resistor 

Stable output amplitude is obtained up to output load capacitance of 8pF. 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL 
synthesizer 1C 



PLASTIC PACKAGE 
DIP<08P-M01 




PLASTIC PACKAGE 
FPT-08P-M01 


• Plastic 8-pin Standard Dual-ln-Llne Package or space saving Flat Package 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to+7.0 

V 

Input Voltage 

V|N 

-0.5 to + Vcc 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

‘>C 


Note: Permanent device damage may occurif the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


IN 1^ 

'O 

8 

Vcc 

2 

TOP VIEW 

7 

sw 

3 

6 

OUT 

4 

5 


Thisdevicecontainscircuit rytoprotect the inputsagainst damage 
due to high static voltages or electric fields. However, it is advised 
that normal precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to this high 
impedance circuit. 


Copyright © 1992 by FUJITSU LIMITED 
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RECOMMENDED OPERATING CONDITIONS 


MB501LV 
MB504LV 


Supply Voltage 


Output Current 


Ambient Temperature 


Load Capacitance 



PIN DESCRIPTION 

Pin Number Symbol 


Pin Number 
1 
2 

3 

4 

5 

6 

7 

8 


IN 

Input 

Vcc 

DC Supply Voltage 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

OUT 

Output 

GND 

Ground 

MC 

Modulus Control Input (See Divide Ratio Table) 

NC 

Non Connection 

In 

Complementary Input 















MB501LV 

MB504LV 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min. 

TVp. 

Max. 

Power Supply Current 

MB501LV 

Ice 

Vcc = 3.0V 


12 


mA 

MB504LV 


6 


mA 

Output Amplitude 

Vo 


0.8 

1.1 


Vp-p 

Input Frequency 

MB501LV 

f|N 

With input coupling capacitor 
lOOOpF 

10 


1100 

MHz 

MB504LV 

10 


520 

MHz 

Input Signal Amplitude 

Pin 


-12 


5.5 

dBm 

High Level Input Voltage for MC Input 

V|HM 

V|HM = Vz Vcc +0.3 

V|HM 



V 

Low Level Input Voltage for MC Input 

V|LM 




0.8 

V 

High Level Input Voltage for SW Input 

ViHS* 


Vcc-0.1 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW Input 

VlLS 


OPEN 

V 

High Level Input Current for MC Input 

l|HM 

V|H = 2.0V 



0.4 

mA 

Low Level Input Current for MC Input 

_ 

l|LM 

V|L = 0.8V 

-0.2 



mA 

Modulus Set-up Time 

MC to OUT 

MB501LV 

fSET 

i 

1 


16 

26 

ns 

MB504LV 


18 

28 

ns 


Note: * Design Guarantee 
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MB501LV 

MB504LV 


2 


MB501LV TIMING CHART (2 MODULUS) 

Example: Divide ratio = 64/65 


64 65 


- nn.Jififi ■ nn.nn.luinnrin 



Note: When divide ratio of 65 is selected, positive pulse is applied by one to 33. 

The typical set up time is 16 ns from the MC signal input to the timing of change of prescaler divide ratio. 


9 







































MIN! 


Fig. 4 ~ INPUT SIGNAL AMPLITUDE 
vs. INPUT FREQUENCY 



INPUT FREQUENCY (MHz) 

































MB501LV 

MB504LV 


PACKAGE DIMENSIONS (Continued) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 




|(SEATED HEIGHT) 
002(0.05) MIN 


089(2.25) MAX 


(STAND OFF) 


+ .016/e 0.40\ 

268 _ 008 '® 0 . 20 ' 


X 


.0201.008 

(0.5010.20) 


.002f« .c 10.05. 
°^®- .00V° ’®-0.02' 


Details of A" part 

j.008(0.20)i 





020(0.50); 

.007(0.18) 


MAX 

i027(0.68 ) 


© 1988 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (millimeters) 


All Rights Reserved. 

Circuit diagrams utilizing Fujitsu products are included as a means of illustrating typical 
semiconductor applications. Complete Information sufficient for construction purposes 
Is not necessarily given. 

The Information contained in this document has been carefully checked and is believed 
to be reliable. However, Fujitsu assumes no responsibility for inaccuracies. 

The Information contained in this document does not convey any license under the 
copyrights, patent rights or trademarks claimed and owned by Fujitsu. \ 

Fujitsu reserves the right to change products or specifications without notice. 

No part of this publication may be copied or reproduced in any form or by any means, or 
transferred to any third party without prior written consent of Fujitsu. 
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MB501SL 

SUPER LOW POWER TWO MODULUS PRESCALER 


SUPER LOW POWER TWO MODULUS PRESCALER 

The Fujitsu MB501SL is a super low power version of the MB501 two modulus 
prescaler used with a frequency synthesizer to make a Phase Locked Loop 
(PLL). (t divides the Input frequency by the modulus of 64/65 or 128/129, 
respectively. The MB501SL achieves extremeiy smali stray capacitance by the 
use of Fujitsu’s Advanced Process Technology. High speed operation is 
achieved with low power supply current of 5mA which is about half of the current 
value of the MB501L. 


High Frequency Operation: 
Pulse Swallow Function: 
Low Power Supply Current: 
Stable Output Amplitude: 


fmax = 1.1GHz max.(Pnsi = -14bBm) 
64/65,128/129 
5.0mA typ. 

Vo= 1.6Vp-p typ. 


Complete PLL synthesizer circuit with the Fujitsu MB87001 A, PLL 
synthesizer 1C 

Plastic 8-pin Dual-in-Line Package 
Plastic 8-pin Mini Flat Package 
Built-in Termination Resistor 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PLASTIC PACKAGE 
FPT-08P-M02 


• Stable output amplitude is obtained up to output load capacitance of 8pF. 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to+7.0 

V 

Input Voltage 

V|N 

-0.5 to + Vqq 

V 

Output Voltage 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 




Note: Pennnanentdevicedamagem£^yoccuriftheaboveAbsoluteMaxliiium Ratingsare 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


This devicecontains drcuKry to protectiheinputsagainst damage 
due to high static voKagesoretectricfields. However, It isadwsed 
that normal precai^lons be ti^en to avoid application of any 
voltage higher than maidmum rated voltages to this high 
impedance drcuit. 


Copyright O 1995 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS 
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MB501SL 


Fig. 1 - MB501SL BLOCK DIAGRAM 


Input Buffer I 


iiiliri 


" r T ° 

C q|— t—Ic Q 


MC I Divide Ratio 


PIN DESCRIPT ON 


Pin Number 


Note: SW: H = Vcc. L = open 
MC: H = 2.0V to Vcc. 
L«GNDto0.8V 


Symbol 

Description 

IN 

Input 

Vcc 

Power Supply, +5V 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

OUT 

Output 

GND 

Ground 

MC 

Modulus Control Input (See Divide Ratio Table) 

NC 

Non Connection 

IN 

Complementary Input 


















































MB501SL 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Values 

Unit 

Min. 

lyp. 

Max. 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

°c 

Load Capacitance 

CL 


- 

8 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Values 

Unit 

Min. 

lyp. 

Max. 

Power Supply Current 

•cc 

- 

- 

5.0 

7.0 

mA 

Output Amplitude 

Vo 

Built-in a termination resistor. 
Load capacitance = 8pF 

1.0 

1.6 

- 

Vp-p 

Input Frequency 

fin 

With input coupling capacitor 
lOOOpF 

10 

- 

1100 

MNz 

Input Signal Amplitude 

Pin 

- 

-14 

- 

0 

dBm 

High Level Input Voltage for MC 

V|HM 

- 

2.0 

- 

- 

V 

Low Level Input Voltage for MC 

V:lm 

- 

- 

- 

0.8 

V 

High Level Input Voltage for SW 

V-HS* 


Vcc-0.1 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW 

V|LS 

- 

OPEN 

V 

High Level Input Current for MC 

l|HM 

V|H = 2.0V 


- 

0.4 

mA 

Low Level input Current for MC 1 

l|LM 

V|l = 0.8V 

-0.2 

- 

- 

mA 

Modulus Set-up Time MC to Output i 

tSET 

- 

- 

16 

26 

ns 


Note: * Design Guarantee 
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MB501SL 


Fig. 5 - POWER SUPPLY CURRENT vs. POWER SUPPLY VOLTAGE 



4.5 5.0 5.5 

POWER SUPPLY VOLTAGE Vcc{V) 


Fig. 6 - POWER SUPPLY CURRENT vs. TEMPERATURE 



-40 -20 0 20 40 60 80 

TEMPERATURE TaC^C) 



10 100 1000 
INPUT FREQUENCY (MHz) 
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MB501SL 


PACKAGE DIMENSIONS 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 


370 


+ .016 
-012 




01986 FUJITSU LIMITED D08006S-2C 


Dimensions in 
inches (miltimeters) 








PACKAGE DIMENSIONS (Continued) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 



REF ^ 





089(2 25) MAX 


IlSEATED HEIGHT) 
002(0 05) MIN 
(STAND OFF) 


'•■•016,p Q-. -t-0.40i 
268 - 008 <® ® 0 - 0 . 20 ^ 


u_ 

X 


.020 ±008 
(0.50 ±0.20) 


006 1R ±0.05i 

001 <° ^^- 0 . 02 > 


I Details of ’ A " part 
^.008(0.20)1 



020(0.50); 

007(0.18) 


MAX 

027(0.68) 


©1988 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (miKimeters) 










PACKAGE DIMENSIONS (Continued) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M02) 


010 

008 


^ (SEATED HEIGHT) 

(1 55i 0 20) 


15.05! g jg) 

R R R Ri 




.050(1.27) 

Typ 


rm 




2361 016 
(6,001 0 40) 


154- 012 
(3 90-0 30) 

i 




I........ 

1 . 

! 

016(0 40) 


006 - .004 


(0 1510 10 ) 


(STAND OFF) 


.197± 012 
(5 0010.30) 


-^ .0201.008 

yr . i (0 5010 20) 


(0 42- 0 10) 


0 005(0 13) (M 


004(0 10) 


,150(3 81) 


" (0.2010.05) 

Details of "A" part 
_ .016(0 40) 

I' 008(0 20) 

! 007(0 18) 

MAX. 

^ 026(0 6 5) 

MAX 


©1988 FUJITSU LIMITED F08004S-2C 


Dimensions in 
inches (millimeters) 
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MB505-16 

ULTRA HIGH FREQUENCY PRESCALER 


ULTRA HIGH FREQUENCY PRESCALER 

The Fujitsu MB505 is a high frequency, up to 1.6GHz, prescaler used with a 
frequency synthesizer to form a Phase Locked Loop (PLL). It will divide the input 
frequency by the modulus of 128 or 256 and the output level is 1.6V peak to peak 
on ECL level. 

Operation in the 1.6GHz range meets the specification for applications in Direct 
Broadcasting Satellite Systems (DBS), CATV systems, and UHF Transceivers. 

FEATURES 

• High Frequency Operation 1.6GHzmax. 

• Low Power Dissipation 45mW typ. 

• Wide Operation Temperature -40°C to +85°C 

• Stable Output Amplitude Vqut = 1.6Vp_p 

• Complete PLL synthesizer circuit with the Fujitsu MB87006A, PLL 
synthesizer IC 

• Plastic 8-pin Standard Dual-ln-Line Package or Flat Package 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V|N 

-0.5 to Vcc 

V 

Output Current 

b 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

‘’C 


Note: Petmanentdevicedanagemayoccurifthe above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted tothe conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 




This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
K is advised that normal precautions be taken to avoid 
application of any voltage higherthan maximum ratedvoltages 
to this high impedance circuit. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

lyp. 

Max. 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current 

lo 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



12 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted.] 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply Curent 

>cc 



9 


mA 

Output Amplitude 

Vo 


1.0 

1.6 



Input Frequency 

^IN 

with input coupling 
capacitor lOOOpF 

100 


1600 

MHz 

Input Signal Amplitude 

Pin 


-12 


5.5 

dBm 

High Level Input Voltage for SW 

V|HS* 


Vcc-0.1 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW 

V|LS 


Open 

V 


Note: ^Design Guarantee 



Figure 2, Input Signal Amplitude vs. Input Frequency 



MB505-16 


PACKAGE DIMENSIONS 

(SufHx: (SuHix: -PF) 
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•■LEAD PLASTIC FLAT PACJAGE 
(CASE No.: FPT-OSP-MOI) 
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MB506 

ULTRA HIGH FREQUENCY PRESCALER 



ULTRA HIGH FREQUENCY PRESCALER 

The Fujitsu MB506 is a high frequency, up to 2.4GHz, prescaler used with a 
frequency synthesizer to form a Phase Locked Loop (PLL). It will divide the input 
frequency by the modulus of 128 or256 and the output level is 1.6V peak to peak 
on ECL level.Operation in the 1.6GHz range meets the specification for 
applications in Direct Broadcasting Satellite Systems (DBS), CATV systems, and 
UHF Transceivers. 


FEATURES 


• High Frequency Operation 

• Power Dissipation 

• Wide Operation Temperature 

• Stable Output Amplitude 


2.4GHz max. 
90mW typ. 
-40°C to +85°C 
VouT = 1 -SVp-p 



PLASTIC PACKAGE 
D1P-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


• Complete PLL synthesizer circuit with the Fujitsu MB87006A, PLL 
synthesizer 1C 

• Plastic 8-pin Standard Duai-In-Line Package or Flat Package 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 !0 +7.0 

V 

Input Voltage 

V|N 

-0.5 to Vcc 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

“C 


Note; Permanentdevicedamagemayoccuriftheabove AbsoluteMaximum Ratingsare 
exceeded. Functional operation should be restricted to the conditions as detailed in 


PIN ASSIGNMENT 


Iq 8 

2 7 
TCP VIEW 

3 6 

4 5 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
{^plication of any vottage his^erthan maximum rated voltages 
to this high impedance circuit. 


Copyright ® 1995 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS 
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PIN DESCRIPTION 



Function 

Input 

Power Supply Voltage 

Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

Output 

Ground 

Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table) 
No Connection 
Complementary Input 











MB506 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current 

lo 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



12 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min. 

lyp. 

Max. 

Supply Curent 

•cc 



18 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vm. 

Input Frequency 

f|N 

with input 
coupling 
capacitor 
lOOOpF 

Ta = -A0°C 
to 85°C 

100 


2200 

MHz 

Ta = -40°C 
to 60°C 

100 


2400 

Input Signal Amplitude 

Pin 

ftN = 100MHz tol.SGHz 

-16 


5.5 

dBm 

flN = 1.3MHz to 2.4GHz 

-A 


5.5 

High Level Input Voltage for SW 

V|HS* 


Vcc-0.1 

Vcc 

Vcc +0.1 

V 

Low Level Input Voltage for SW 

ViLS 


Open 

V 


Note: ^Design Guarantee 


J 1000 

i 

ai 800 
a 


a. 

S 

< 

-j 

< 

z 

CO 

H 

CL 

Z 


1 

z 

s 


600 


400 


200 







— 

Vcc 
Ta = 

— 

= 5.0V 
25‘’C 



























_ 

✓ 
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INPUT FREQUENCY (MHz) 
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Figure 2, Input Signal Amplitude vs. Input Frequency 
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1.6GHz TWO MODULUS PRESCALER 



1.6GHz TWO MODULUS PRESCALER 

The Fujitsu MB507 is a 1.6GHz two modulus prescaler used with a frequency 
synthesizer to form a Phase Locked Loop (PLL). It wili divide the input frequency 
by the modulus of 128/129 or 256/257 and has an output level of 1.6V peak to 
peak on ECL level. 


FEATURES 


• High Frequency Operation 

• Power Dissipation 

• Pulse Swallow Function 

• Wide Operation Temperature 

• Stable Output Amplitude 


1.6GHz max. 
90mW typ. 

-40°C to +85°C 
VouT = 1.6Vp_p 


• Complete PLL synthesizer circuit with the Fujitsu MB87001 A, PLL 
synthesizer 1C 

• Package 

Standard 8-pin Dual-ln-Line Package (Suffix: -P) 

Standard 8-pin Flat Package (Suffix; -PF) 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

input Voltage 

V|N 

-0.5 to Vcc 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 



Note: Permanentdevicedamagemay occurifthe above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 



This device contains circuKry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised ttiat normal precautions be taken to avoid 
application of any voltage higherthan maximum rated voltages 
to this high impedance circuit. 
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MB507 



SW 

MC 

Divide Ratio 

H 

H 

1/128 

MB 507 H 

L 

1/129 

L 

H 

1/256 

L 

L 

1/257 


Note: SW: H * Vcc. L = open 

NIC: H * 2.0 V to Vcc» L » GND to 0.8 V 


PIN DESCRIPTION 


Pin Number Symbol Function 



5 GND I Ground 

6 MC 

7 NC 


IN 


Modulus Control Input {See Divide Ratio Table) 
Non Connection 
Complementary Input 















MB507 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current 

b 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



12 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted.) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply Curent 

be 



18 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp_p 

Input Frequency 

^IN 

with input coupling 
capacitor lOOOpF 

100 


1600 

MHz 

Input Signal Amplitude 

Pin 


-4 


10 

dBm 

High Level Input Voltage for MC 

Input 

VjHM 


2.0 



V 

Low Level Input Voltage for MC 

Input 

V|LM 





V 

High Level Input Voltage for SW 

Input 

ViHS* 


Vcc “0.1 

Vcc 

Vcc +0.1 

V 

Low Level Input Voltage for SW 

Input 

V|LS 


Open 

V 

High Level Input Current for MC 

Input 

•iHM 

Vih = 2.0V 



0.4 

mA 

Low Level Input Current for MC 

Input 

■iLM 

ViL = 0.8V 

-0.2 



mA 

Modulus Set-up Time MC to OUT 

tSET 

1.6GHz Operation 


18 

28 

ns 


Note: ^Design Guarantee 


2-45 
























g. 3 - JIMPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 

"o, 

OL 

1 700 

Ui 

O 600 
3 

t 

a 500 


-! 400 
< 
z 
a 

w 300 

H 

D 

I 200 

1 100 

2 


10 20 50 100 200 500 1000 2000 


I^CC =* 

-— 

5.0V 








!5®C 

































! 





1 








L 

■V.. 

__ 




__ 



INPUT FREQUENCY. (MHz) 








8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: D1P-08P-M01) 



«1988 FUJITSU LJMITEO D08006S-2C 


Oimansions io 
inches (milHmeters) 







PACKAGE DIMENSIONS (Continued) 

(Suffix: PF)__ 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 


. f 010 
^ - .008 



(6 35!;0;|5) 



J 

LUJ 

L 


INDEX 

O' 

T : 

! 307±016 
|(7 80t0.40) 
209± 012 
(5.30 ±0.30) 

1 

in 

m 

r 

( 


.050(1.27) 


TYP 


. .018±.004p- 

H i-a-- -[4 

(0.45 ±0.10)^ 


6.005(0. 13).m I 


150(3.81) 
REF ^ 



|(SEATED HEIGHT) 
002(0 05) MIN 




.089(2.25) MAX 


(STAND OFF) 


268 


+-.016, 
- 008* 


( 6 . 80 ;!: 


0 . 20 ' 


£ 


020 + 008 
-J (0.50±0.20) 

. 002-n .,-+0.05. 

°°®-. 001 *° '®- 0 . 02 > 


Details of A ’ part 
^.008(0.20)1 



020(0.50); 
007(0.18) 


MAX 

: .027(0.68) 


e 1988 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (millimeters} 
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2.3GHz TWO MODULUS PRESCALER 

The Fujitsu MB508 is a 2.3GHz two modulus prescaler used with a frequency 
synthesizer to form a Phase Locked Loop (PLL) and divides the input frequency 
by a modulus of 128/130, 256/258 or 512/514. The output level is 1.6V peak to 
peak ECL level. The ultra high frequency operation provides wide application, 
such as Direct Broadcasting Satellite System, CATV system, UHF Transceiver, 
etc. 


FEATURES 

• High Frequency Operation: 

• Input Signal Amplitude: 

• Pulse Swallow Function: 

• Power Dissipation: 

• Wide Operation Temperature: 

• Stable Output Amplitude: 


f = 2.3GHz max. (P|n = -4dBm min.) 

V|N = 100mVp_p (fiN = 100MHz to 1.8GHz) 
128/130, 256/258,512/514 
120mWtyp. 

-40°C to +85°C 
VouT = typ. 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


• Complete PLL synthesizer circuit with the Fujitsu MB87001 A, PLL 
synthesizer system block 1C 

• Standard Plastic 8-pln Dual-In-Line Package or Flat Package 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V)N 

-0.5 to Vcc 

V 

Output Current 

b 

10 

mA 

Operating Temperature 

Ta 

-40 to+85 

*>0 

Storage Temperature 

Tstg 

-55 to+125 

°C 


Note: Permanent device damage may occurif the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


PIN ASSIGNMENT 



TFT 

SW2 

MC 

GND 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
K is advised that normal precautions be taken to avoid 
application oiany voltage higher than maximum rated voltages 
to this high impedance circuit. 
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MB508 



Fig. 1 - MB508 BLOCK DIAGRAM 



Note; SW; H=VcCr L=Open 

MC; H=2.0V to Vcc* L^GND to 0.8V 


PIN DESCRIPTION 


Descriptions 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Values 

Unit 

Min. 

Typ. 

Max. 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current 

lo 


1.2 


mA 

Operating Temperature 

Ta 

-40 


+85 

“C 

Load Capacitance 

Cl 



12 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted.) 


Parameter 

Symbol 

Condition 

Values 

Unit 

Min. 

Typ. 

Max. 

Power Supply Current 

•cc 



24 


mA 

Output Amplitude 

Vo 


1.0 

1.6 



Input Frequency 

^IN 

with Input coupling 
capacitor lOOOpF 

100 


2300 

MHz 

Input Signal Amplitude 

P|NA 

fiN = 1800MHz to 
2300MHz 

-4 


5.5 

dBm 

P|NB 

fiN = 100MHz to 
1800MHz 

-16 


10 

High Level Input Voltage for MC 

VlHM 


2.0 



V 

Low Level Input Voltage for MC 

ViLM 




0.8 

V 

High Level Input Voltage for SW 

V|HS* 


Vcc-0.1 

Vcc 

Vcc +0.1 

V 

Low Level Input Voltage for SW 

V|LS 


Open 

V 

High Level Input Current for MC 

■iHM 

V|H = 2.0V 



0.4 

mA 

Low Level input Current for MC 

l|LM 

V|l = 0.8V 

-0.2 



mA 

High Level Input Current for SW 

l|HS 

V|H = Vcc 



250 

pA 

Modulus Set-up Time MC to 
Output at 2.3GHz Operation 

tSET 



18 

28 

ns 


Note: *Design Guarantee 




Fig. 2-TEST CIRCUIT 


Vcc 

SW1 SW2 

IN 

OUT 

iN 



MC GND 


Vcc = +5.0V±10% 


Sampling scope prober point 
for output waveform 


lOOOpF 

lOOOpF 

O.lpF 

12pF (Including scope and jig capacitance) 

2 kn 



TIMING CHART (2 MODULUS) 

Example: Divide ratio = 128/130 


M.juui - Jin .nn jumn nn 


[641641^1641 I I I I I I I r^64f6n64[^64[^ F 


Note: When divide ratio of 130 is selected, positive pulse is applied by two to 66. 

The typical set up time Is 18 ns from the MC signal input to the timing of change of prescaler divide ratio. 
















47KI2 


MB508 


2 



Fig. 4 - TYPICAL APPLICATION EXAMPLE 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 



C 1988 FUJITSU LIMITED 008006-2C 


Dimensions in 
inches (millimeters) 
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TWO MODULUS PRESCALER WITH STAND-BY MODE 

The Fujitsu MB509 Is a low power, two modulus prescaler equipped with the 
standby mode. The MB509 is used in conjunction with a frequency synthesizer 
to form a Phase Locked Loop (PLL) and will divide the input frequency by the 
modulus of 65/65 or 128/129. 

Power consumption is typically 11.5mA at 5.0V. under normal operation, with the 
current reduced to180^iA in standby mode. By using MB509 with the MB87076, 
Intermittent operating mode can be achieved. 


FEATURES 


• High Frequency Operation: 

• Pulse Swallow Function: 

• Power Supply Consumption: 

• Stand-by Current: 

• Stable Output Amplitude: 


fmax = 1.1GHz max. (P|n = -4dBm min.) 
64/65,128/129 
58mW typ. 

180^A typ. 

Vo=1.6Vp_ptyp. 


• Complete PLL synthesizer circuit with the Fujitsu MB87076, PLL frequency 
synthesizer 1C 

• Plastic 8-pin Dual-In-Line Package (Suffix: -P) 

Plastic 8-pin Mini Flat Package (Suffix: -PF) 

• Built-in a Termination Resistor 

Stable output amplitude is obtained up to output load capacitance of 8pF 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

UnH 

Power Supply Voltage 

Vcc 

*-0.5 to +7.0 

V 

Input Voltage 

V|N 

-0.5 to Vcc 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

°C 


Note: PerTnanentdevicedarnagemaycccuriftheaboveAbsoliiteMaximumRatir?gsare 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections cf this data sheet. Exposure to absolute maximum rating 
conditions tor extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-0SP-M01 


PIN ASSIGNMENT 



This device contains circuitry to protect the inputs against 
damage du j to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage hi^erthan maximum rated voltages 
to this high impedance circuit. 
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Fig. 1 ~ MB509 BLOCK DIAGRAM 



PS 

SW 

MC 

Divide Ratio 

H 

H 

H 

1/64 

H 

H 

L 

1/65 

H 

L 

H 

1/128 

H 

L 

L 

1/129 

L 

- 

- 

Stand-by mode 


Note: 


SW: H-Vcc, Uopen 
MC: H-3.0VtoVcc. 

L-GND to 0.8V 
PS: H-2.0VtoVcc, 
L-GND to 0.4V 


PIN DESCRIPTION 


Pin Number 

Symbol 

Description 

1 

IN 

input 

2 

Vcc 

Power Supply, -fSV 

3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

PS 

Stand-by Control Input (See Divide Ratio Table) 

8 

In 

Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Operating Temperature 

Ta 

-40 

— 

+85 


Load Capacitance 

Cl 

— 

— 

8 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min. 

lyp. 

Max. 

Power Supply Curent 

•cc 


— 

11.6 


mA 

Ips 

Stand-by mode 

— 

180 

— 

^A 

Output Amplitude 

Vo 

Built-in a Termination 
Resistor. 

Load Capacitance=8pF 

1.0 

1.6 

— ■ 

Vp_p 

Input Frequency 

^IN 

With input coupling 
capacitor lOOOpF 

10 

— 

1100 

MHz 

Input Signal Amplitude 

P|N 

— 

-A 

— 

5.5 

dBm 

High Level Input Voltage for MC 

VlH 

— 

3.0 

— 

— 

V 

Low Level Input Voltage for MC 

V|L 

— 

— 

— 

0.8 

V 

High Level Input Voltage for SW 

V|HS* 


Vcc-0.1 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW 

V|LS 


Open 

V 

High Level Input Voltage for PS 

V|H 

— 

2.0 

— 

— 

V 

Low Level Input Voltage for PS 

V|L 

— 

— 

— 

0.4 

V 

High Level Input Current for MC 

l|H 

V,H = 3.0V 

— 

— 

0.4 

mA 

Low Level Input Current for MC 

l|L 

V|L = 0.8V 

-0.2 

— 

— 

mA 

Modulus Set-up Time MC to Output 

tSET 

— 

— 

16 

26 

ns 


Note: ""Design Guarantee 
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Fig. 2-TEST CIRCUIT 



TWO MODULUS OPERATING TIMING CHART (64/65 DIVIDE RATIO) 














IN 


32 


OUT 



n.'-nrL 

RA-Rj 

32 [. 

32 

33 


[32 |32 32[ j^J I [l2|32|33j 32pr|32 1^ |~ 


HP 

t 
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1 

1 I 

1 • 

1 1 

1 1 

1 1 
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1 

1 

1 
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1 

1 
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1 1 

1 1 

Notes; When divide ratio of 65 is selected, positive pulse is added by one | 

1 tsET 1 

r tsET ^ 


to 33. 

The typical set up time is 16ns from the MC signal input to the 
timing of change of prescaler divide ratio. 



















MINIMUM INPUT SIGNAL AMPLITUDE V,n (dBm) 


MB509 


TYPICAL CHARACTERISTICS CURVES 


Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 



Fig. 4 - WAVEFORM OF STAND BY MODE 
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Note: About 50 ns of set up time is required both power on/off. 






























PACKAGE DIMENSIONS (continued) 

8-LEAD PLASTIC FLAT PACKAGE 

(Case No. : FPT-8P-M0I) 



©1988 FUJITSU LIMITED F080D2S-3C 


Dimensions in 
inches (millimeters) 
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2.7GHz TWO MODULUS PRESCALER 

The Fujitsu MBS 10 is an ultra high speed, two modulus prescaler that forms a 
Phase Locked Loop (PLL) when combined with a frequency synthesizer such as 
the Fujitsu MB87001A. It divides the input frequency by the modulus of 128/144 
or 256/272, and operates at a low power supply current of 10mA at 5.0V. 

Through the use of Fujitsu’s Advanced Process Technology, the MB510 achieves 
extremely small stray capacitance from its internal elements. 


FEATURES 


• High Frequency Operation: 

• Power Dissipation: 

• Pulse Swallow Function: 

• Wide Operation Temperature: 

• Stable Output Amplitude: 

• Built-In Termination Resistor 


2.7GHz max. 

50mW typ. 

128/144, 256/272 
-40°C to +85°C 
VoUT=1-6Vp_ptyp. 



• Complete PLL synthesizer circuit with the Fujitsu MB87001A PLL 
synthesizer 1C 

• Package 

Standard 8-pin Flat Package (Suffix: -PF) 


ABSOLUTE MAX9MUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V|N 

-0.5 to Vcc 

V 

Output Current 

•o 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 



Note: PermanentdevicedamagemayoccuriftheaboveAbsoluteMaximumRetingsare 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


PIN ASSIGNMENT 



m 

NC 

MC 

GND 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or eiectric f ieids. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higherthan maximum rated voltages 
to this high impedar>ce circuit. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current 

b 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



8 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply Curent 

be 



10.0 

15.0 

mA 

Output Amplitude 

Vo 

Built-in a termination 
resistor. 

Load capacitance = 8pF 

1.0 

1.6 


Vp_p 

Input Frequency 

^IN 

With input coupling 
capacitor lOOOpF 

10 


2700 

MHz 

Input Signal Amplitude 

Pin 

flN = 10 to 2200MHz 

-10 


10 

dBm 

flN = 2200 to 2700MHz 

-4 


10 

High Level Input Voltage for MC 
Input 

V|HM 


2.0 



V 

Low Level Input Voltage for MC 
Input 

ViLM 




0.8 

V 

High Level Input Voltage for SW 
Input 

V|HS* 


Vcc "0 '^ 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW 
Input 

V|LS 


Open 

V 

High Level Input Current for MC 
Input 

l|HM 

V|H = 2.0V 



0.4 

mA 

Low Level Input Current for MC 
Input 

liLM 

V|l = 0.8V 

-0.2 



mA 

Modulus Set-up Time MC to OUT 

tSET 


_ 

16 

26 

ns 


Note: ^Design Guarantee 


MB510 



10 20 50 100 200 500 1000 2000 

INPUT FREQUENCY (MHz) 


Figure 3. input Signai Ampiitude vs. Input Frequency 
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TIMING CHART (2 MODULUS) 

Example: Divide ratio = 128/144 


rm-■-ma-■-im ■ ■ ■ ■ im-■-MTin---M 


JeTl^jeTIwJ [_| |_J [_| I |~^ 6418^641^64 F 


Note: When divide of 144 is selected, positive pulse is applied by 16 to 80. 

The typical set up time is 16 ns from the MC signal input to the timing of change of prescater divide ratio. 
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MB 510 


1 2 
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X1 

12.8MHz X'tal 

Vcc 

5V±10% 

Vsx 

eVmax. 

C,.C2 

depends on crystal oscillator 


Figure 4. Typical Application Example 
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8-LEAD PLASTIC FLAT PACKAGE 
(CASE No: FPT-08P-M01) 



© 1988 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (millimeters) 
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HIGH SPEED PRESCALER 

The Fujitsu MB511 is a 1 .OGHz high speed prescaler that forms a Phase Locked 
Loop (PLL) circuit when combined with a Fujitsu frequency synthesizer.Based on 
Fujitsu’s advanced Bipolar processing, the MBS 11 maintains a consistent low 
power consumption of 23mA @ 5V. In addition, it can detect low amplitude input 
signals with a sensitivity of -20dBm min. 

The MB511 will divide the input frequency a modulus of 1,2, or 8, and is well 
suited for applications in CATV and electronically tuned TV. 


FEATURES 

• Wide operating frequency range: 
fin = 50 to 1000MHz (Vjn = -20dBm) 

• Maximum operating frequency depends upon the divide ratio: 

1/1: 250MHz max. (Buffer through) 

1/2: 500MHz max. 

1/8: 1000MHz max. 

• Low supply current: 23mA @5V 

• High input sensitivity: -20dBm min. 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


• Stable Output Amplitude: 800mVp-p (Cl < 5pF) 

• Wide temperature range: Ta = --40 to +85°C 

• Plastic 8-pin Dual-In-Line package (Suffix: -P) 

Plastic 8-pln Flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V|N 

-0.5 to Vcc +0*5 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

^5 to+125 



Note: Permanentdevicedamagemayoccuriftheabove AbsoluteMaxImum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


PIN ASSIGNMENT 

IN 

Vcc 
NC 

OUT 



This device contains circuitiy to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
applicatbn of any voltage higherthan maximum rated voltages 
to this high impedance circuit. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min. 

Typ. 

Max. 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 


Operating Temperature 


^0 


+85 

'’C 


Load Capacitance 

Cl 



5 

pF 

Termination resistor 5000 


ELECTRICAL CHARACTERISTICS 


Parameter 

— 

Symbol 

Value 

Unit 

Note 

Min. 

TVp. 

Max. 

Power Supply Current 

>cc 

15 

23 

32 

mA 

Except termination 
output current. 

Output Amplitude 

Vo 

0.4 

0.8 

1.2 


5000 termination, 

Cl = 5pF max. 

Input Frequency 

1/1 


50 


250 

MHz 

Min. value is measured 
with coupling capacitor of 
lOOOpF. 

1/2 

^2 

50 


500 

MHz 

1/8 

^3 

50 


1000 

MHz 

Input Signal Amplitude 

P|N 

-20 


+10 

dBm 

500 

High Level Input Voltage 

S1,S2 

V|H 

Vcc-0.7 

Vcc 

Vcc +0.5 

V 


Low Level Input Voltage 

V|L 


OPEN 


V 


Low Level Input Current 

S1,S2 

l|H 

40 


160 

pA 

< 

o 

o 

11 

Ol 

< 


MB511 



Figure 2. Test Circuit 
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TYPICAL CHARACTERISTICS CURVES 



Figure 3. Input Sensitivity Curve (1/8 Divide Ratio) Figure 4. Input Sensitivity Curve (1/2 Divide Ratio) 

Power Suppiy Voitage Dependency Power Suppiy Voitage Dependency 



10 100 1000 


INPUT FREQUENCY fjn (MHz) 


Figure 5 . Input Sensitivity Curve (1/1 Divide Ratio) 
Power Supply Voltage Dependency 



vs. Power Supply Voitage 
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TYPICAL CHARACTERISTICS CURVES (Continued) 



10 100 1000 


INPUT FREQUENCY f.n (MHz) 


Figure 7. input Sensitivity Curve (1/8 Divide Ratio) 
Temperature Dependency 



Figure 6. Input Sensitivity Curve (1/2 Divide Ratio) 
Temperature Dependency 



10 100 1000 
INPUT FREQUENCY fjn (MHz) 


Figure 9. Input Sensitivity Curve (1/1 Divide Ratio) 
Temperature Dependency 



vs. Temperature 
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DATA SHEET 


FUpSU 


MB551 ASSPforDTS BIPOLAR 

Prescaler with VCO (Dual-Modulus, 1.0 GHz) 


m DESCRIPTION 

The MB551 is a dual-modulus prescaler incoporating a voltage controlled oscillator (VCO) and is used with 
900-MHz band frequency synthesizers. The MB551 consists of: a Colpitts oscillator with grounded base capa¬ 
citor, a buffer amplifier with open collector output, a prescaler interface circuit, and a dual-modulus prescaler 
operating at frequencies divided by 128/129. The oscillator block accommodates external components such 
as a capacitor, a dielectric oscillator (resonator), and a variable capacitor. These components combined with 
the circuitry on the MB551 chip makes up the VCO. 

The VCO and the prescaler are connected by an internal circuit. This minimizes the effects of prescaler input 
load variation on critical VCO characteristics, such as C/N ratio. 

The MB551 typically operates at 5 V and draws 16 mA of current. 


■ FEATURES 

• Oscillator frequency: 1 GHz (Max) 

• Low power consumption: Icc = 16 mA (Typical) 

• Oscillator output power: 0 dBm (Typical) 

• C/N ratio: 70 dB (Typical) Measurement conditions: Af = 50 kHz, BW = 15 kHz 

65 dB (Typical) Measurement conditions: Af 25 kHz, BW = 15 kHz 

• S/N ratio: 45 dB (Typical) Measurement conditions: BW = 0.3 to 3 kHz, 3 kHz.Dev, 1 kHz Tone 

• Stable oscillator output 

Supply voltage dependence: ±200 kHz/V (Typical) 

Frequency stability: 35 ppm/°C (Typical) 

(Continued) 

m PACKAGE 



Copyright© 1995 by FUJtTSU LIMITED 
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(Continued) 

• Pulse swallow method: Division-by-128/129 prescaler 

• Prescaler output with termination circuit: V I = 1.6 Vp-p 


■ PIN ASSIGNMENT 


Pin No. 

Symbol 

Function 

1 

fvco 

VCO signal pin 

2 

Vcc 

Power supply pin 

3 

M 

Module setting pin 

4 

OUT 

Prescaler output pin 

5 

B 

Oscillator transistor base pin 

6 

c 

Oscillator transistor collector pin 

7 

E 

Oscillator transistor emitter pin 

8 

GND 

Ground pin 



■ TIMING DIAGRAM (Example of Dual-modulus, division-by-128/129 type) 


128 cycles 129 cycles 


«jin- m - nim - m 



M 


[ 

L_. 


tSET 


ISET 


• M pin = High: Division by 128 
M pin - Low: Division by 129 
(ViH 2.0 V min, Vil = 0.8 V max.) 

• Division plus one makes the high-to-low transition longer by one cycle of the frequency-divided signal. 

• Setup time (tSEi) from input of the M signal to change in the divide ratio of the prescaler is 16 ns (typical). 
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■ MAXIMUM RATINGS 


Parameter 

Symbol 

Rating | Unit 

Remarks 

Supply voltage 

Vcc 

-0.5 to +7.0 

V 


Oscillator transistor base/ 
emitter applied voltage 

Vb, Ve 


— 

Do not apply external 

DC voltage to the base 
or emitter pin. 

M/OUT (Pin 3/4) applied 
voltage 

Vpi 

- 0.5 to Vcc + 0.5 

V 


fvco/C (Pin 1/6) applied 
voltage 

Vp2 

Vcc < Vp 2 < +7.0 

i 

V 


Applied current 

Ip 

±10 

mA 


Storage temperature ! Tstg 

-55 to+126 




■ RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


External variable capacitor 
control voltage 

Vt 

1.5 

— 

4.5 

V 


Operating temperature 

! Ta 

-40 

— 

+85 

°c 


Prescaler output load 

CL 

— 

— 

8 

pF 
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■ ELECTRICAL CHARACTERISTICS 
1. VCO Block 


Parameter 

Symbol 

Min. 

Value 

Typ. 1 Max. 

Unit Remarks 

Oscillator frequency 

fosc 

— 

— i 1000 

MHz i 

Oscillator output 

Pout — 

0 - 

dBm 

C/N ratio 

C/N 

— 

70 — 

dB 

Df=:50kHz, BW = 

15 kHz 

.1.. 

65 — 

dB 

Df = 25 kHz, BW = 

15 kHz 

S/N ratio 

S/N 

— 

45 

— 

dB 

BW = 0.3 to 3 kHz, 

3 kHz, Dev, Tone 

1 kHz 

Fundamental/1 st harmonic 
ratio 

SP-1 


-10 


dB 


Frequency stability 

Aft 

■ ^ 

1 

1 

35 


ppm/®C 

i 

-40 to 85°C, 25°C 
(Typical) 

Supply voltage variation 

Afr — 

±200 


kHz/V 

5V±10% 

Mod Sense 

Afosc 

- i - ! - 

MHz/V 

Control range: 1.0 to 

4.0 V 


Note: Electrical characteristics depend on external components and mounting conditions. These values are 
reference values assuming the test circuit examples on pages 6 and 7. 


2. Prescaler Block 


Parameter 

— 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Supply current 

Icc 

— 

16.0 


mA 


Output amplitude 

VOUT 

1.0 

1.6 


Vp~p 

Load capacitance 
when internal 
termination pin is used: 

8 pF or less 

Response frequency 

fin 

— 

— 

1000 

MHz 


Allowable input power 

Pin 

-4 

— 

+10 

dBm 


High-level input voltage 
(MC) 

ViH 

2.0 

— 

— 

V 


ViL 

— 

— 

0.8 

V 


High-level input current 
(MC) 

IlH 

— 

— 

0.4 

mA 


IlL 

-0.2 

— 

— 

mA 


Module setup time 

tSET 

' — 

16 

26 

ns 
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■ TEST CIRCUIT EXAMPLE 1 


2 PP 82 nH 



Chip capacitor: UMK316C, UMK212C, UCN103C Series {Taiyo Yuden) 

Chip coil: LQN2A Series (Murata Works) 

Dielectric oscillator: DRR060UE (Murata Works) 

Varicap: ISV164(NEC) 




■ TEST CIRCUIT EXAMPLE 2 


3 Pf" 82 nH 



Chip capacitor: 
Chip coil: 

Dielectric oscillator: 
Varicap: 


UMK316C Series (Taiyo Yuden) 
LQN2A Series (Murata Works) 
DRR060UE (Murata Works) 
MA333 (Mitsubishi Electric) 




MB551 


■ RECOMMENDED PC BOARD PATTERN 



[Mounted component list] 

C1: 1 pF (Taiyo Yuden UMK212C) 
C2: 2 pF (Taiyo Yuden UCN103C) 
C3: 3 pF (Taiyo Yuden UMK212C) 
C4: 4 pF (Taiyo Yuden UMK212C) 
C5: 2 pF (Taiyo Yuden UMK212C) 
C6: 20 pF (Taiyo Yuden UMK316C) 
C7: 51 pF (Taiyo Yuden UMK212C) 
C8: 20 pF (Taiyo Yuden UMK316C) 
C9: 20 pF (Taiyo Yuden UMK316C) 
CIO: 51 pF (Taiyo Yuden UMK212C) 
C11: 20 pF (Taiyo Yuden UMK316C) 
C12: 51 pF (Taiyo Yuden UMK212C) 
Cl 3: 20 pF (Taiyo Yuden UMK316C) 
C14: 51 pF (Taiyo Yuden UMK212C) 


Cl5: 0.01 |liF (Film capacitor) 
C16: 0.01 [iF (Film capacitor) 
Cl7: 0.01 M.F (Film capacitor) 


R1: 390 Q (Rohm MCR25) 


LI: 22 nH (Murata Works LQN2A) 

L2: 56 nH (Murata Works LQN2A) 

L3: 82 nH (Murata Works LQN2A) 


VD: 1SV164(NEC) 


Dielectric oscillator: (Murata Works DRR060 Series, 1.5 GHz) 


2-88 







■ MEASUREMENT RESULTS 

(1) Supply Current 



(2) Oscillation Waveform (50»kHz span) 











■ MEASUREMENT RESULTS (TEST CIRCUIT 1 ON RECOMMENDED PC BOARD) 
(1) Conversion Gain 












MB551 


(3) C/N, S/N 

• Control Voltage Dependence 



• Supply Voltage Dependence 
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■ MEASUREMENT RESULTS 





MB551 


■ MEASUREMENT RESULTS (TEST CIRCUIT 2) 










■ SAMPLE APPLICATION CIRCUIT 



2 - 9 ‘ 







■ ORDERING INFORMATION 


Part number 

Package 

MB551PF 

8 pin Plastic SOP 
{FPT-8P-M01) 




















- SECTIONS 

CMOS Phase-Locked Loops (PLLs )-Ata Glance 


The Fujitsu family of CMOS PLLs offers a wide range of operating frequencies with low supply current and 
voltages to meet many diverse design requirements. A serial input programming capability is a feature of all 
Fujitsu’s PLLs. 


Page 

Number 

Device Part 
Number 

fjNfmax) 

MHz 

@3v/5v 

N 

Program 

Counter 

A 

Swallow 

Counter 

R 

Reference 

Counter 

Iqo mA 
93v/5v 

Vdd 

Package 

3-3 

MB87001A 

10/13 

Binary 

5-1023 

Binary 

0-127 

Binary 

8-2048 

2.0/3.0 

2.7-5.5V 

16-pln 

DIP, SOP 

3-15 

MB87006A 

10/17 

Binary 

5-1023 

Binary 

0-127 

Binary 

5-16383 

2.5/3.5 

3.0-6.0V 

16-pjn 

DIP, SOP 

3-27 

MB87014A 

~/180 

Binary 

5-1023 

Binary 

0-63 

Binary 

5-65535 

-/8.0 

4.5-5.5V 

16-pln 

DIP, SOP 

3-37 

MB87076 

10/10 

Binary 

5-2047 

Binary 

0-127 

Binary 

5-16383 

2.5/3.0 

2.7-5.5V 

16-pin 

DIP, SOP 

3-49 

MB87086A 

-/95 

Binary 

5-1023 

none 

Binary 

5-65535 

-/8.0 

4.5-5.5V 

16-pin 

DIP, SOP 

3-59 

MB87087 

10/17 

Binary 

5-1023 

Binary 

0-127 

Binary 

5-16383 

2.5/3.5 

3.0-6.0V 

16-pin 

DIP, SOP 

3-71 

MB87091 

300/- 

Binary 

5-4095 

Binary 

0-63 

Binary 

5-16383 

8.0/- 

2.7-3.3V 

16-pin 

DIP, SOP, 
SSOP 

3-89 

MB87093A 

-/145 

725 

none 

64 

-/10 

4.5-5.5V 

16-pin 

SSOP 

3-99 

MB87094 

15@1.1V 

Binary 

5-2047 

Binary 

0-127 

Binary 

5-4095 

1@1.1V 

1.1-1.7V 

16-pin 

SSOP 

3-89 

MB87095A 

-/110 

550 

none 

64 

^10 

4.5-5.5V 

16-pin 

SSOP 

3-89 

MB87096A 

-/90 

750 

none 

128 

-/10 

4.5-5.5V 

16-pin 

SSOP 



3-2 



Sept. 1995 
Edition 8.0a 

= DATASHEET 


FU^TSU 


MB87001A 

CMOS PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87001A, fabricated in CMOS technology, is a serial input PLL frequency 
synthesizer. 

The MB87001A contains an inverter for connection to an external oscillator, a programmable 
reference divider, a divide factor of programmable reference divider control circuit, a phase 
detector, a charge pump, a 17-bit shift register, a 17-bit latch, a programmable divider (a binary 
7-blt swallow counter, a binary 10-bit programmable counter), and a control generator for an 
external dual modulus prescaler. 

When supplemented with a loop filter and VCO, the MB87001A contains the necessary circuitry 
to make up a Phase Locked Loop (PLL). Typically, a dual modulus prescaler such as the 
MB501L can be added, allowing Input frequency operation up to 1.1 GHz. 


• Single power supply voltage: 
Vdd = 2.7V to 5.5V 

• Wide temperature range: 

TA = -40to85°C 

• 13MHz typical input capability 


$2 and S 3 input (1/8,1/16,1/64, 
1/128, 1/256, 1/512,1/1024,1/2048) 

• Programmable 17-bit divider with 
input amplifier consisting of: 

Binary 7-bit swallow counter 
Binary 10-bit programmable counter 




NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit. 


Copyright ©1995 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 




























































PIN DESCRIPTION 


MB87001A 


Pin No. 

Pin Name 

I/O 

Description 

1 

Vdd 

- 

Power supply voltage input 

2 

Clock 

1 

Clock signal input for 17-bit shift register 

Each rising edge of the clock shifts one bit of the data into the shift register 

3 

Data 

1 

Serial data input for 17-bit shift register 

The data is used for setting the divide factor of the programmable divider 

4 

LE 

1 

Load enable input 

When this pin is high level (high active), the data stored in the 17-bit shift register is transferred to 
the 17-bit latch. 

5 

^IN 

1 

Input for programmable divider from VCO or prescaler output 

This input involves the bias circuit and amplifier. The connection with the external dual modulus 
prescaier should be an AC connection. 

6 

M 

0 

Control output for external dual modulus prescaler 


The connection to the prescaler should be a DC connection. This output level Is synchronized 
with the falling edge of the f|N input signal (pin #5). 

Pulse Swallow Function: 

MB501L M = High: Preset modulus factor 64 or 128 
M = Low: Preset modulus factor 65 or 129 

7 LD O Output of phase detector 

It is high level when fr and fp are equal, and then the loop is locked. Otherwise it outputs a 
negative pulse signal. 

8 Do O Three-state charge pump output of the phase detector 

The mode of Dq is changed by the combination of the programmable reference divider output 
frequency (fr) and the programmable divider output frequency (fp) as listed below: 
fr > fp: Drive mode (Dq = High level) 
fr = fp: High-impedance mode 
fr < fp: Sink mode (Dq = Low level) 

9 (|)R O Phase detector outputs for an external charge pump 

10 (|>P O The mode of (|)R and ())P are changed by the combination of the programmable reference divider 

output frequency (fr) and the programmable divider output frequency (fp) as listed below: 

(j)R (|)P 
fr > fp: Low Low 

fr = fp: Low High-Impedance 

fr < fp: High High-Impedance 

* (|)P is a N-channel open drain output 


11 Si I Control input for programmable reference divider 

12 S 2 I The combination of these inputs provides 8 kinds of divide factor for the programmable reference 

13 S 3 I divider. 



14 

OSCqut 

0 

Output pin for crystal oscillator 

Output of the inverting amplifier 

This pin should be open when an external oscillator is used. 

15 

OSCifsj 

1 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator 




This pin receives the oscillator signal as AC coupled when an external oscillator is used. 

For large amplitude signals (standard CMOS levels) DC coupling may also be used. 

16 

Vss 

- 

Ground 
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FUNCTIONAL DESCRIPTION 

DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data of binary code is input to the Data pin. These data are loaded into the 17'bit shift register from the MSB. When the load enable signal (LE) is 
high, the data stored in the 17-bit shift register is transferred to the 17-bit latch. 

The data © to ® set a divide factor of the binary 7-bit swallow counter and data ® to ® set a divide factor of the binary 10-bit programmable 
counter. In other words, serial data is equivalent to the divide factor of programmable divider. 


Fig. 2 - BLOCK DIAGRAM OF PROGRAMMABLE DIVIDER 
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MB87001A 


Binary 7-bit Swallow Counter Data Input 


© 


© 

© 


© 

o 

Divide 
Factor A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

1 

1 

3 

0 

0 

0 

0 

■ 

0 

0 

4 


■ 

■ 

■ 

■ 

■ 

■ 

127 


Note: Divide factor A: 0 to 127 

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows: 
Example MB501L 

SW = H (64/65): Bit 7 of shift register (7) should be zero 


Binary 10-bit Programmable Counter Data Input 




© 


® 

© 

© 

© 

© 

© 

Divide 
Factor N 

0 

0 

0 

0 

0 

0 

0 

■ 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 


D 

0 

6 

0 

0 

0 

0 

0 

0 

0 

I 

■ 

■ 

7 

1 

1 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1023 


Note: Divide factor less than 5 is prohibited 
Divide factor N: 5 to 1023 


PULSE SWALLOW FUNCTION 

Wco = [(N X M) + A] X fr 

^vco ■ Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide factor of binary 1 0-blt programmable counter (5 to 1023) 

M : Preset modulus factor of external dual modulus prescaler (e.g. 64 in 64/65 mode. 128 in 128/129 mode of an MB501L prescaler) 
A : Preset divide factor of binary 7-bit swallow counter (0 to 127) 
fr : Output frequency of the programmable reference divider 





































MB87001A 


TIMING CHART 


• ti ~ ts > 1^S, 


Data Si 7 = MSB 




Clock 


LE 


_n_n_rL.. JUT 



Clock: Clock signal input for the 17-bit shift register 

Each rising edge of the clock shifts one bit of data into the shift register. 

Data : Serial data input for the 17-bit shift register 
LE : Load enable input 

When LE Is high (high active), the data stored In the 17-blt shift register is transferred to the 17-bit latch. 
The 17-bit data is used for setting a divide factor of the programmable divider. 


RECOMMENDED OPERATING CONDITIONS 


(Vss = OV) 

Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdd 

2.7 

- 

5.5 

V 

Input Voltage 

V|N 

Vss 

- 

VpD 

V 

Operating Temperature 

Ta 

-40 

- 

-1-85 

X 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 

(Vdd = 3.0V, Vss = ov, Ta = -40 to +85“C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except f|N and OSCin 

VlH 

- 

2.1 

- 

- 

V 

Low-level Input Voltage 

ViL 

- 

- 

- 

0.9 

Input Sensitivity 

^IN 

Vf|N 

Amplitude in AC 
coupling, sine wave 

0.8 

- 

- 

Vp-p 

OCSiN 

Vqsc 

1.0 


- 

High-level Input Current 

Except f(N and OSCin 

»IH 

Q 

Q 

> 

ii 

z 

> 

- 

1.0 

- 

pA 

Low-level Input Current 

l|L 

V|N = Vss 

- 

- 1.0 

- 

Input Current 

f|N 


V|N = Vss to Vqd 

- 

±30 

- 

pA 

OCS|N 

lose 

- 

±30 

- 

High-level Output Voltage 

Except <l>P and OSCqut 

Vqh 

O 

I 

II 

o 

2.95 

- 

- 

V 

Low-level Output Voltage 

VoL 

Iql = OpA 

- 

- 

0.05 

Low-level Output Voltage 

4>P 

Vqlp 

Iql = 0.8mA 

- 

- 

0.8 

V 

High-level Output Voltage 

OSCqut 

Vqhx 

1 

o 

II 

X 

_o 

2.50 

- 

- 

Low-level Output Voltage 

VoLX 

Iql = OfiA 

- 

- 

0.50 

High-level Output Current 

Except 4 )P and OSCqut 

•oh 

Voh = 2.0V 

-0.5 

- 

- 

mA 

Low-level Output Current 

•OL 

Vql = 0 . 8 V 

0.5 

- 

- 

N-channel Open Drain 

Cut Off Current 


■off 

Vo = Vdd +3.0V 

- 

1.0 

- 

pA 

Power Supply Current*^ 

Iqd 

- 

- 

2.0 

- 

mA 

Max. Operating Frequency of 

Programmable Reference Divider 

fMAXd 

- 

13 

20 

- 

MHz 

Max. Operating Frequency of Programmable Divider 

fMAXp 

- 

10 

20 

- 

MHz 


Note: * 1 : f|N = 5.0MHz, 12 . 8 MHz crystal is connected between OSC|n and OSCqut- 
Inputs are connected to ground except for f|N and OSCin. Outputs are open. 
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ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0V, Vss = OV, Ta = -40 to +85°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except f|N and OSCin 

V|H 

- 

3.5 

- 

- 

V 

Low-level Input Voltage 

V|L 

- 

- 

— 

1.5 

Input Sensitivity 

^IN 

Vf|N 

Amplitude in AC 
coupling, sine wave 

1.0 

- 

- 

Vp.p 

OCSiN 

Vqsc 

1.5 

- 

- 

High-level Input Current 

Except f|N and OSC|n 

IlH 

< 

z 

II 

< 

o 

o 

- 

1.0 


pA 

Low-level Input Current 

l|L 

to 

to 

> 

II 

z 

> 

- 

-1.0 

— 

Input Current 

^IN 

IflN 

V|N = Vssto Vdd 

- 

±50 

— 

pA 

OCSiN 

bsc 

- 

±50 

- 

High-level Output Voltage 

Except (|>P and OSCqut 

VoH 

Iqh = OpA 

4.95 

- 

- 

V 

Low-level Output Voltage 

VoL 

1 

o 

II 

6 

- 

- 

0.05 

Low-level Output Voltage 


Vqlp 

Iql “ 0.8mA 

- 

- 

1.0 

V 

High-level Output Voltage 

OSCqut 

VOHX 

o 

X 

II 

o 

4.50 

- 

- 

Low-level Output Voltage 

VOLX 

1 

o 

II 

-I 

_p 

- 

- 

0.50 

High-level Output Current 

Except (t>P and OSCqut 

•oh 

Vqh = 2.0V 

-1.0 

- 

— 

mA 

Low-level Output Current 

•OL 

Vql = 0.8V 

1.0 

- 

- 

N-channel Open Drain 

Cut Off Current 

(DP 

■off 

Vq = Vdd +3.0V 

- 

1.0 

- 

HA 

Power Supply Current*^ 

lOD 

- 

- 

2.0 

- 

mA 

Max. Operating Frequency of 

Programmable Reference Divider 

fMAXd 

- 

15 

25 

- 

MHz 

Max. Operating Frequency of Programmable Divider 

fMAXp 

- 

13 

25 

- 

MHz 


Note: *1: fiN = 5.0MHz, 12 . 8 MH 2 crystal Is connected between OSC|n and OSCqut- 
Inputs are connected to ground except for fiN and OSCjn- Outputs are open. 
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Fig. 3 -TYPICAL APPLICATION EXAMPLE 


Vcc JL J. ^CC Vqc 

T nolf» Tn T 


Vsx(Max.8V) 


0.047^F 


16 15 

14 13 12 11 

10 

9 


MB87001A 



1 2 

3 4 5 6 

7 

8 


47kr^ 47kQ 47kn 


8 7 6 5 

MB501SL 
Vcc 12 3 4 


12.8MHz x’tal 
5V±10% 

8V Max. 

depends on crystal osillator 



TYPICAL CHARACTERISTICS CURVES 


Inupt Sensitivity vs. Input Frequency 
(fin Section) 

VoD = 5V, Ta = +25'‘C 


Power Supply Current vs. Input Frequency 

Vdo = 5V. Ta = +25“C 


Input 

Sensitivity 50 
VfiN (mVp.p) 



Power 
Supply 
Current 3 
Idd (mA) 



2 5 10 20 50 100 

Input Frequency f|M (MHz) 


2 5 10 20 50 10C 

Input Frequency f|N (MHz) 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 


™+. 008 .. 9 «+ 0 . 20 v 
• ^-.012 


' 1 1 i 1 1 1 1 . 1 1 ! 1 1 1 1 

1 

t r 



i 

1 ' 

.244±.010 .300(7.62) 

i 



(6.20±0.25) 



Po 

,_L 1 




u u u 

.039;;^°^ 2 

u 

n_r ^ 

.060;;^°^^ 

(o.99;!^-^°) 


' (1.52:^ 3°) 


.010±.002 / 
(0.25 ±0.05) 



.100(2.54) 

TYP 


.172(4.36)MAX 

.118(3.00)MIN 

.020(0.51 )MIN 


.050(1.27) 

MAX 


.018 ±.003 
{0.46±0"08) 


©1991 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 


400MO ^ 

• ^^-.008 ^ ^- 0.20 ^ 



.307±.016 

{7.80±0.40) 



.209±.012 
B" (5.30±0.30) 


.050(1.27^ 
TYP ^ 


(0.45+0.10)1 


] ^ I .004(0.10) I 
.350(8.89) REF - 


©1991 FUJITSU LIMITED F16015S-2C 


Details of “A” part 



.089(2.25)MAX 
"“(MOUNTING HEIGHT) 
.002(0.05)MIN 
[ (STAND OFF HEIGHT) 


oeQ+-016 (a 
•^°®-.008 ^® ®°-0.20^ 


-.020±.008 

-(0.50±0.20) 

««o+.002 (f\ .i{;-f0.05\ 


Details of “B" part 

.006(0.15) 



.008(0.20) 

.007(0.18 ) 

MAX 


^ .007(0.18 ) ^ ^.007(0.18 ) 

MAX I ' MAX 

.027(0.68) j .027(0.68) 

___M^__I 


Dimensions in 
inches (millimeters) 


3 
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DS04-21204-6aE 

.■■I —- ■- ■" -iz — datasheet:: 

MB87006A Frequency Synthesizer 
CMOS Serial Input Phase Locked Loop (PLL) 


FUHTSU 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 


The Fujitsu MB87006A, fabricated in CMOS technology, is a serial input Phase Locked Loop 
(PLL) frequency synthesizer. 

The MB87006A contains an inverter for connection to an external oscillator, programmable 
reference divider (binary 14-bit programmable reference counter), 14-bit shift register, 14-blt 
latch, phase detector, charge pump, 17-bit shift register, 17-bit latch, programmable divider 
(binary 7-bit swallow counter, binary 10-bit programmable counter) and control generator for 
dual modulus prescaler. 

When supplemented with a loop filter and VCO, the MB87006A contains the necessary circuitry 
to make up a Phase Locked Loop (PLL). Typically, a dual modulus prescaler such as the 
MB501L can be added, allowing input frequency operation up to 1.1 GHz. 


• Wide range power supply voltage: 
Vcc = 3.0to6.0V 

• Wide temp range: Ta = -40 to 

• 17MH2 typical input capability 
@5V (fin input) 

• On-chip inverter for oscillator 

• Programmable divider with input 
amplifier consisting of: 

• Binary 7-bit swallow counter 

• Binary 10-bit programmable 
counter 

• Programmable reference divider 
with input amplifier consisting of: 


• Binary 14-bit programmable 
reference counter 

• Divide factor of programmable 
divider and programmable reference 
divider are set by serial data Input 
(The last data bit Is a control bit) 

• 2-types of phase detector output 

• On-chip charge pump output 

• Output for external charge pump 

• Easy interface with Fujitsu 
prescalers 

• 16-pin standard dual-in-line package 
(Suffix: -P) 

16-pin standard flat package 
(Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vdd 

Vss “9-5 to Vss +7.0 

V 

input Voltage 

V|N 

Vss “9-5 to Vdd +0.5 

V 

Output Voltage 

VoUT 

Vss "9.5 to Vdd +0.5 

V 

Output Current 

bUT 

±10 

mA 

Operating Temperature 

Ta 

-40 to +85 

OC 

Storage Temperature 

Tstg 

-55 to+125 

OC 

Power Dissipation 

Pd 

300 

mW 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional 

aeration should be restricted to the conditions as detailed in the operationaf sections of this data sheet 
»posure to absolute maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 


OSCjnC 1 
OSCqut r* 2 
^v[Z 3 
Vdd C ^ 
DoC 5 

Vss IZ ® 

ldC ^ 

finQ] 8 


PIN ASSIGNMENT 


TOP VIEW 


16 □ 

15 □‘I’V 

^4 ^ REFouT 
13 □ fr 
12 □ M 
11 □ LE 
10 I] Data 
9 □ Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit. _ 


Copyright© 1995 FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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Fig. 1 - MB87006A BLOCK DIAGRAM 
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1 

( 
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1 

1 


<J3)fr 
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7-bit Shift 
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Register 

Register 

mi 
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17-bit Latch 
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►(is) (|)R 






L -i []' | f | ' [r-- |[ i | r ] |]- | |i *j I_ 


Programmable Divider 


Binary 7-bit 

Binary 10-bit 

Swallow Counter 

Programmable Counter 


<3)fv 


Control Circuit 


1_ 


_I 


<12) M 
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PIN DESCRIPTION 


Pin No. 

Symbol 

VO 

Description 

1 

OSCiN 

) 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. 

This pin receives the oscillator signal as AC coupled when an external oscillator is used. For large 
amplitude signals (standard CMOS levels) DC coupling may also be used. 

2 

OSCouT 

o 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

3 

fv 

0 

Monitor output of the phase detector. 

This pin is tied to the programmable divider output. 

4 

Vdo 

- 

Power supply voltage input. 

5 

Do 

o 

Three-state charge pump output of phase detector. 

The mode of Do is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below; 

fr > fv; Drive mode (Do = High level) 

fr=fv; High impedance 

fr < fv: Sink mode (Do = Low level) 

6 

Vss 

- 

Ground. 

7 

LD 

o 

Output of phase detector. 

It is high level when fr and fv are equal, and when the loop is locked. 

Otherwise it outputs negative pulse signal. 

8 

fin 

1 

Clock input for programmable divider. 

This input contains internal bias circuit and amplifier. The connection with an external dual-modulus 
prescaler should be an AC connection. 

9 

Clock 

1 

Clock signal input for 17-bit shift register and 14-bit shift register. 

Each rising edge of the clock shifts one bit of the data into the shift registers. 

10 

Data 

1 

Serial data input for programmable divider and programmable reference divider. 

The last bit of the data is the control bit. Control bit determines which latch is activated. The data 
stored in the shift register is transferred to the 14-bit latch when the bit is high. and to 17-bit latch when 
low. 

11 

LE 

1 

Load enable input with internal pull up resistor. 

When this pin is high (active high), the data stored in shift register is transferred to 14-bit latch or 17-bit 
latch depending on the control bit data. 

12 

M 

o 

Control output for an external dual modulus prescaler. 

The connection to the prescaler should be DC connection. This output level is synchronized with fall¬ 
ing edge of fin input signal (pin #8). 

Pulse swallow function; 

e.g. MB501L; M = High: Preset modulus factor 64 or 128 

M = Low Preset modulus factor 65 to 129 



MB87006A 


PIN DESCRIPTION (Continued) 


PJn No. 

Symbol 


DeteHpSon 

13 

fr 

o 

Monitors output of phase detector input. 

This pin is ti^ to the programmable reference divider output. 

14 

REFout 

o 

Monitor output pin of the reference frequency. 

This output can be used as system clock for microprocessor, or reference oscillator for another PLL 
frequency synthesizer. 

15 

ov 

o 

Output for external charge pump. 

16 

<)iR 

o 

The mode of pR and <!>V are changed by the combination of programmable reference divider output 
frequency fr and programmable divider output frequency fv as listed below. 

pR <>V 

fr > fv: Low-level High-level 

fr = fv: High-level High-level 

fr < fv: High-level Low-level 


FUNCTIONAL DESCRIPTION 

SERIAL DATA INPUT TIMING 


tl ~ t5> 1^S 



* Data for programmable reference divider. 


Notes: Data; Serial data input is used for setting divide factor of programmable reference divider and progranmable divider. 

Data is input from MSB. and last bit data is a control bit. 

Control bit is set high when divide factor of programmable reference divider is set. Consol bit is set low level when divide factor of 
programmable divider is set. 

Clock: Data is input to internal shift registers by rising edge of the clock. 

LE: Load enable input: 

When LE is high, the data stored in shift register is transferred to 14-bit latch, or 17-bit latch depending on the control bit setting. 


3-18 





MB87006A 


PULSE SWALLOW FUNCTION 

fvco = [ (N X M) + A ) X fosc R (N > A) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N ; Preset divide factor of binary 10-bit programmable counter (5 to 1023) 

M : Preset modulus factor of external dual modulus prescaler 

(e.g. 64 In 64/65 mode. 128 in 128/129 mode of an MB501L prescaler) 

A ; Preset divide factor of binary 7-bit programmable counter (0 to 127, A < N) 
fosc : Output frequency of external oscillator 

R ; Preset divide factor of binary 14-bit programmable reference counter (5 to 16383) 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 

Serial data consists of 14-bit data, which is used for setting divide factor of programmable reference counter, and 1 -bit control data. In this case, 
control bit is set high level. 



The data format is shown below. 



BINARY 14-BIT REFERENCE COUNTER DATA INPUT 



Note: Divide factor less than 5 is prohibited. 
Divide factor; 5 to 16383 
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DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data consists of 17-bit data, which is used for setting divide factor of programmable divider, and 1-bit control data. In this case, control bit is 
set low level. The data^toQ set a divide factor of 7-bit swallow counter and data @to@set divide factor of 10-bit programmable counter. 


The data format is shown below. 



BINARY 7-BIT SWALLOW COUNTER DATA INPUT 


0 

© 

© 

0 

© 

© 

o 

Divide 

Factor 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

1 

1 

3 

0 

0 

0 

0 

1 

0 

0 

4 

1 

1 

1 

1 

1 

1 

1 

127 


Note: Divide factor A; 0 to 127 

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows, 
e.g. M8501L (-►65/65)prescaler 

SW = H (64/65): Bit 7 to shift register^ should be zero. 


BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT 


© 

0 

© 

© 


© 

© 

® 

© 

© 

Divide 

Factor 

N 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

1 

1 

1* 

1 

1 

1 

1 

1 

1 

1 

1023 


Note: Divide factor less than 5 is prohibited. 
Divide factor N : 5 to 1023 
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MB87006A 



RECOMMENDED OPERATING CONDITIONS 

_ (VasrOV) 

Mi 




Power Supply Voltage 


Input Voltage 


Operating Temperature 


-40 
























MB87006A 


ELECTRICAL CHARACTERISTICS 

(Vdd = 3.0V, Vss = OV, Ta = -40 to SS^C) 


Parameter 

Symbol 

Condition 

Value 


Min 

Typ 

Max 

UnH 

High-level Input Voltage 

Except fin 
and OSCiK 

ViH 


VooxO.7 



V 

Low-level Input Voltage 

V,L 




VddxO.3 

Input Sensitivity 

fin 

Vfpp 

Amplitude in AC 
coupling, sine wave 

05 

.... 



Vp.p 

OSCiK 

Vsin 

0.5 



High-level Input Current 

Except fin 
and OSCiN 

IlH 

ViN - Voo 


1.0 


pA 

Low-level Input Current 

llL 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

VlN S= Vss to VoD 


±30 


pA 

OSCin 

lose 

ViN = Vss to Vdo 


±30 


pA 

LE 

Ile 

VlN = Vss 


-40 


pA 

High-level Output Voltage 

Except 

OSCouT 

VOM 

loH = OpA 

2.95 



V 

Low-level Output Voltage 

VoL 

p 

1) 

o 



0.05 

High-level Output Current 

Except M 
and OSCout 

loH 

VoM = 2.6V 

-0.5 



mA 

Low-level Output Current 

loL 

Vol==0.4V 

0.5 

1 


High-level Output Current 

M 

loHM 

VoH = 2.6V 

-0.7 



mA 

Low-level Output Current 

ioLM 

Vol=0.4V 

1.5 



Power Supply Current 

loD 



2.5 


mA 

Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

20 


MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


10 

20 


MHz 


Notes: * 1. fin = 8.0MHz 11.5MHz Crystal is cor>nected between OSCin and OSCout. 
Inputs are grounded except for fin and OSCin. Output are open. 
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ELECTRICAL CHARACTERISTICS (continued) 

_(Vdd = 5.0V. Vss = OV. Ta = -40 to 85°C) 


Parameter 

Symbol 

Condition 

Value 


Min 

Typ 

Max 

Unit 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 


VddxO.7 



V 

Low-level Input Voltage 

V.L 




VooxO.3 

Input Sensitivity 

fin 

Vfpp 

Amplitude in AC 
coupling, sine wave 

0.5 



Vp-p 

OSCtN 

Vsin 

0.5 



High-level Input Current 

Except fin 
and OSCin 

IlH 

< 

ti 

< 

a 

o 


1.0 


pA 

Low-level Input Current 

IlL 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Voo 


±50 


pA 

OSCin 

lose 

ViN = Vss to Voo 


±50 


pA 

LE 

Ile 

ViN = Vss 


-60 


pA 

High-level Output Voltage 

Except 

OSCouT 

VOH 

loH = OpA 

4.95 



V 

Low-level Output Voltage 

VoL 

1 

II 

_o 



0.05 

High-level Output Current 

Except M 
and OSCout 

loH 

— 

VoH s 4.6V 

-1.0 



mA 

Low-level Output Current 

loL 

Vol=0.4V 

1.0 



High-level Output Current 

M 

loHM 

VoH = 4.6V 

-1.5 



mA 

Low-level Output Current 

loLM 

Vou=0.4V 

3.0 



Power Supply Current 

Ido 



3.5 


mA 

Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

25 


MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


17 

25 


MHz 


Note: * 1, fin = 8,0MHz, 11.5MHz Crystal is connected between OSCin and OSCout 

Inputs are ground except for fin and OSCin. Outputs are open. 



TYPICAL CHARACTERISTICS CURVE 
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PACKAGE DIMENSIONS (Continued) 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.; FPT-16P-M06) 


089(2 25) MAX 



© 1990 FUJITSU LIMITED F16015S-2C 


Dimensions in 
inches (millimelers) 
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DATA SHEET 


Fufrsu 


MB87014A ASSP 

CMOS PLL Frequency Synthesizer 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87014A, fabricated in advanced CMOS technology, is a serial input phase locked 
loop (PLL) frequency synthesizer with an on chip 180MHz dual modulus prescaler. 

The MB87014A contains a dual modulus prescaler, inverter for an external oscillator, 
programmable reference divider, control circuit, phase detectors, charge pump, programmable 
divider (binary 6-bit swallow counter and binary 10-bit programmable counter). 

The MB87014A can make up PLL frequency synthesizer operating up to 180MHz. 

• Single Power Supply Voltage: Vqd = 4.5V to 5.5V 

• Wide Temperature Range: Ta = -30 to 60°C 

• 180MHz input capability @ 5V (fin input) 

• On-chip Inverter for oscillator 

• Programmable divider with input amplifier consisting of; 

Binary 6-bit swallow counter 

Binary 10-bit programmable counter 

• Programmable reference divider with input amplifier consisting of; 

Binary 16-btt programmable reference counter 

• Divide factor of programmable divider and programmable reference divider are set by 
serial data input. (The last data bit is a control bit.) 

• 3-type of phase detector outputs 
On-chip charge pump output for active LPF 
On-chip charge pump output for passive LPF 
Output for external charge pump 

• 16-pin Standard Dual-in-line Package (Suffix: -P) 

16-pin Standard Flat Package (Suffix: -PF) 

• Pulse Swallow Function 

^vco * [(N X M) +A1X (fosc + R) (N > A) 
fvco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide factor of binary 10-bit programmable counter (5 to 1023) 

M : Preset modulus factor of internal dual modulus prescater (64/65) 

A : Preset divide factor of binary 6-bit swallow counter (0 to 63) 
fosc • Output frequency of the external oscillator 
R : Preset divide factor of binary 16-bit programmable reference counter 
(5 to 65535) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

value 

unit 

Power Supply Voltage 

Vdd 

Vss “0.3 to Vss +6*0 

V 

Input Voltage 

V|N 

Vss “0.3 to Vdd +0.3 

V 

Output Voltage 

VoUT 

Vss '~0’3 to Vdd +0.3 

V 

Output Current 

JOUT 

±10 

mA 

Operating Ambient 
Temperature 

Ta 

—30 to +80 


Storage Temperature 

Tstq 

-40 to+125 

“C 

Power Dissipation 

Pd 

300 

mW 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional 

operation should be restricted to the conditions as detailed in the operationarsections of this data sheet 
^posure to absolute maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 


PIN ASSIGNMENT 


iO 


16 

2 


15 

3 


14 

4 


13 

TOP VIEW 


5 


12 

6 


11 

7 


10 

8 


9 


i NC 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit. 


Copyright © 1994 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS. INC. 
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PIN DESCRIPTION 


PIti No. 

Symbol 

VO 

Description 

1 

OSCiN 

1 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as 

AC coupled when an external oscillator is used, but for large amplitude signals (standard CMOS lev* 
els) DC coupling may also be used. 

2 

OSCouT 

o 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be left open when an external oscillator is used. 

3 

fv 

o 

Monitor pin for the phase detector input. 

This pin is tied to the programmable divider output. 

4 

Voo 

- 

Power supply voltage input. 

5 

Dop 

o 

Output pin for low pass filter (Passive type). 

The mode of Dop is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below: 

fr > fv; Drive mode (Dop = High level) 

f, = fv; High-impedance 

ft < fv: Sink mode (Dop = Low level) 

6 

Vss 

- 

Ground. 

7 

LD 

o 

Output of phase detector. 

It is high level when fr and fv are coherent, and when the loop is locked. Othenwise it outputs negative 
pulse signal. 

8 


1 

Frequency input to an internal prescaler from VCO. 

The connection with VCO should be AC connection. 

9 

Clock 

1 

Clock signal input for shift registers. 

Each rising edge of the clock makes one bit of the data shift into the shift registers. 

10 

Data 

' 

Serial data input for shift registers. 

The last bit of the data is the controlbit The control data determines which latch is activated. 

11 

LE 

1 

Load enable input. 

When this pin is high, the data from shift register is latched into programmable reference divider or 
programmable divider depending upon a control bit setting. 

12 

Doa 

o 

Output pin for low pass filter (Active type). 

The mode of Doa is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below: 

fr > fv: Sink mode (Doa = Low level) 

fr = fv; High-impedance 

ft < fv: Drive mode (Doa * High level) 

13 

f, 

o 

Monitor pin for the phase detector input. 

This pin is tied to the programmable reference divider output. 

14 

NC 

- 

No connection. 

15 

(|)V 

o 

Output pins for low pass filter (differential filter type). 

16 

4>R 

o 

Outputs for external charge pump are changed by the combination of programmable reference di¬ 
vider output frequency f,. and programmable divider output frequency fv as listed below. 

OV pR 

ff > fv: High level Low level 

fr = fv: High level High level 

f, < fv: Low level High level 



MB87014A 


FUNCTIONAL DESCRIPTIONS 

DIVIDE FACTOR OF DIVIDER 

Serial data of binary code is input to Data pin. On rising edge of dock shifts one bit of data into the shift registers. Input data consists of 16-bit data 
and 1-bit of control data. The control data determines which latch is activated. When control bit is high, 16-bit latch is selected. When low, 6-bit 
latch and 10-bit latch is selected. 


Last Data Input First Data Input 



ITie serial data is input to 16-bit shift registers and 1 -bit control register. When load enable is high, the data from the shift register is latched into the 
programmable reference divider (binary 16-bit programmable reference counter) or programmable divider (binary 6-bit swallow counter and 
binary 10-bit programmable counter) depending upon a control bit setting. 



16 bit 
Shift 
Register 


16 bit 
Latch 
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FUNCTIONAL DESCRIPTIONS (Continued) 

BINARY 6-BIT SWALLOW COUNTER 
DATA INPUT 


3 


BINARY 16-BIT PROGRAMMABLE COUNTER DATA INPUT 


Divide 

Factor 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

® 

® 

0 

© 

© 

5 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

7 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 








* 






» 




65535 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


• Divide factor R: 5 to 65535 

• Divide factor less than 5 is prohibited. 


Divide 

Factor 

O 

© 

© 

© 

© 

© 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

2 

0 

1 

0 

0 

0 

0 




• 




63 

1 

1 

1 

1 

1 

1 


• Divide factor A: 0 to 63 


BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT 


Divide 

Factor 

© 

© 

© 

® 

© 

© 


0 

© 

© 

5 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

7 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 












1023 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


• Divide factor N: 5 to 1023 

• Divide factor less than 5 is prohibited. 


STAND-BY MODE 

When ail zero of 16-bit serial data is input, the MB87014A goes to stand-by mode. During stand-by mode, internal circuit stops operation and f« and 
OSCiN are forced to high level. Thus, low supply current is achieved. Stand-by down mode Is release, when the data except all zero data is input. 

SERIAL DATA INPUT TIMING 



Notes: Data; Serial data input is used for setting divide factor of programmable reference divider or progranmabte divider. 

Data is input from MSB and last bit data is control bit. 

Control bit is high level when divide factor of programmable reference divider is set. Control bit is set low level when divide factor 
of programmable divider is set. 

Clock: Clock input for 16-bit shift registers and control register. Data is input into internal shift registers by rising edge of the clock. 
LE: Load enable input; 

When LE is high, the data from shift register is latched into programmable reference divider or programmable divider depending 
upon the control bit setting. 
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RECOMMENDED OPERATING CONDITIONS 


(V5J = ov) 


Parameter 

Symbol 

Value 

Uhh . 

Mfn 

Typ 

Max 

Power Supply Voltage 

Voo 

4.5 

5.0 

5.5 

V 

Input Voltage 

ViN 

Vss 


Voo 

V 

Operating Temperature 

Ta 

-30 


+60 

°c 


ELECTRICAL CHARACTERISTICS 


(Vm : OV. Voo = 5V, T* = -30 to 60°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCiN 

ViH 


3.5 



V 

Low-level Input Voltage 

ViL 




1.5 

Input Sensitivity 

fin 

Vipp 

Amplitude in AC coupling, 
Sine wave 

1.0 



Vp-p 

OSCiN 

V„n 

1.0 



High-level Input Current 

Except fin 
and OSCin 

IlH 

o 

Q 

> 

II 

X 

> 


1.0 


pA 

Low-level Input Current 

IlL 

ViL = Vss 


-1.0 


Input Current 

fin 

Inn 

ViN = Vss to Voo 


±50 


pA 

OSCin 

lose 

ViN = Vss to Voo 


±50 


High-level Output Voltage 

Except 

OSCout 

VoM 

1 

o 

II 

X 

_o 

4.95 



V 

Low-level Output Voltage 

VoL 

loL = OpA 



0.05 

High-level Output Current 

Except 

OSCout 

I OH 

VoH = 4.6V 

-1.0 



mA 

Low-level Output Current 

loL 

Vol=0.4V 

1.0 



Power Dissipation*’ 

loop 



8.0 

1 


mA 

Stand-by Current** 

loos 



100 


pA 

Maximum Operating** 
Frequency 

REF Section 

f.«. 


40 

60 


MHz 

PD Section 

fm«p 


180 

250 


MHz 


Notes: *1: L = 180MHz, 22MH2 cystal is connected between OSCin and OSCout pins. 

Inputs are grounded except f.i» and OSCin. Outputs are open. 

♦2 All serial data is set to zero. Input are grounded except and OSCin. Output are open. 

♦3 REF Section :Maximum operating frequency of programmable reference divider. 

PD Section :Maximum operating frequency of programmable divider. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 


-»+■ .008i « rt cc'^0-20j 

- 770_ 012^9 55_o 



.244 ±.010 .300(7.62) 

(6.20±0.25) TYP 



172(4.36) MAX 


118(3.00) MIN 


.050(1.27) 

MAX 


.100(2.54) .018 ±.003 i 

TYP ' io.46±0.08) .020(0.51) MIN 


©1988 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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©1990 FUJITSU LIMITED F16015S-2C 


Dimensions in 
inches (millimeters) 
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DATA SHEET : 


FUpSU 


MB87076 

CMOS PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER WITH POWER DOWN MODE 

The Fujitsu MB87076, fabricated in CMOS technology, is a serial input PLL frequency 
synthesizer that features a power down mode. 

The MB87076 contains an inverter for the oscillator, 14-bit shift register, 18-bit shift register, 
1-bit control register, 14-bit latch, 18-bit latch, programmable divider (binary 11-bit 
programmable counter and binary 7-bit swallow counter), programmable reference divider 
(binary 14-bit programmable reference counter), phase detector, charge pump, control 
generator for two modulus prescaler, and power down circuit. 

The MB87076 selects either operation mode or power down mode, depending on the PS input 
signal level. When the device begins operation, phase fr and fv are synchronized. 

• Single power supply voltage: Vqq = 2.7 to 5.5V 

• Wide temperature range: T/v = -40 to +85°C 

• Low power supply current: 3mA typ, (1 OO^A in power down mode) 

• On-chip inverter for oscillator 

• Programmable reference divider with input amplifier 
Programmable divider with input amplifier 

• 2 Types of phase detector output 

- On-chip charge pump output 

- Output for external charge pump 

• On-chip power down circuit 

• 16-pin standard dual-in-line package (Suffix: -P) 

16-pin standard flat package (Suffix: -PF) 

• Pulse swallow function 

fvco = ((N X M) +A| X fosc ^ R 

fvco : YCO (Voltage Controlled Oscillator) output frequency 
N : Preset divide factor of binary 11 -bit programmable counter 
(16 to 2047) 

M : Preset modulus factor of external two modulus prescaler 
(64 in 64/65 mode, 128 in 128/129 mode) 

A : Preset divide factor of binary 7-bit swallow counter (0 to 127) 

^osc : Output frequency of an external oscillator 

R : Preset divide factor of binary 14-bit programmable reference counter 
(8 to 16383) 


ABSOLUTE MAXIMUM RATINGS I 

(see NOTE) 

Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

VdD 

Vss -0.5toVss +7.0 

V 

Input Voltage 

ViN 

Vss -O.StoVoD +0.5 

V 

Output Voltage 

VOUT 

Vss-0-5 to Vdd+0.5 

V 

Output Current 

*OUT 

±10 

mA 

Open Drain Output 

Vop 

Vss ~0.5 to Vqo +3 0 

V 

Operating Temperature 

Ta 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to+125 

"C 

Power Dissipation 

Pd 

300 

mW 


NOTE; Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 


PIN ASSIGNMENT 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit. 


Copyright © 1994 by FUJITSU LIMITED 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

OSCiN 

1 

Pin for crystal oscillator 

The input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator 
signal as an AC coupling when an external oscillator is used. For large amplitude signals 
(standard CMOS levels) DC coupling may also be used. 

2 

OSCqut 

0 

Pin for crystal oscillator 

The output of the inverting amplifier. This pin should be connected to ground when an external 
oscillator is used. 

3 

LC 

0 

Output pin for loop control signal 

This pin is at high level when the operation mode is selected. It is at low level when the power 
down mode is selected. 

4 

Vqd 


Power supply voltage 

5 

Do 

0 

Three-state charge pump output 

The mode of Dq is changed by the combination of the programmable reference divider output 

frequency (fr) and the programmable divider output frequency (fp) as listed below: 

fr > fp: Do = H level 

fr = fp: Do = High-impedance level 

fr < fp: Do = L level 

6 

Vss 

- 

Ground 

7 

LD 

0 

Output of phase comparator 

This pin is at low level when fr and fp are coherent, and then the loop is locked. Otherwise It 
outputs high level. 

8 

ItN 

1 

Input for binary 7-bit swallow counter and binary 11-bit programmable counter from VCO 

This input involves the bias circuit and the amplifier. The connection with the dual modulus 
prescaler should be an AC connection. 

9 

Clock 

1 

Clock signal input for 18-bit shift register and 14-bit shift register 

Each rising edge of the clock shifts one bit of the data into the shift registers. 

10 

Data 

1 

Serial data input for shift registers 

This data is the divide ratio of the divider, which is provided from the corresponding shift register. 

The last bit of the data is the control bit which specified the destination of the shift register. The 
data is transferred to the 14-blt shift register when the bit is at high level, and to the 18-bit shift 
register when it is at tow level. 

11 

LE 

1 

Load enable input 

When this pin is at high level, the data latched from the shift register is transferred to the 
programmable reference divider or the programmable divider, depending on the control bit data. 

12 

M 

0 

Control output for external dual modulus prescaler 

The connection should be a DC connection. 

Pulse swallow function; 

(Example) 

MB501; M = High; Preset modules factor 64 or 128 

M = Low: Preset modules factor 65 or 129 

13 

fr 

0 

Monitors output of the phase comparator input 

Also monitors the output of the reference divider. 

14 

PS 

1 

Power down control input 

When this pin is at high level, the operation mode is selected. When this pin is at low level, the 
power down mode is selected. 

15 


0 

Output for external charge pump 
pR ({)P 

t( > fp: Low Low 

16 

(|>R 

o 

fr=fp: Low HIgh-impedance 

ff < fp; High High-impedance 



MB87076 


FUNCTIONAL DESCRIPTION 

SERIAL DATA INPUT FOR PROGRAMMABLE DIVIDER 

Binary serial data is input to the Data pin. Each rising edge of the clock shifts one bit of the data into the shift registers and the control register. Input 
data consists of 18-bit data and 1 -bit of the control bit data. In this case, the control bit Is set at low level. Si to S 7 is used for setting the divide ratio of 
the 7-bit swallow counter and Se to Sia is used for setting the divide ratio of the 11-bit programmable counter. 

The data format is shown below. 


Control bit 

1 LSB MSB 


i . , ... . . . i 



B 


S3 


s. 

B 

S7 

B 

S 9 



S12 

Si 3 

S 14 




m 









L_ 










J 




7-bit sv 

vailow c 

jounter 





7>bit Swallow Counter Data Input 


Divide 

Factor A 

S7 

Se 

S5 

S4 

S3 

S2 

D 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

■ 

127 

■ 

1 

■ 

■ 

■ 

■ 

■ 


Note: Divide factor: 0 to 127 


11-bit Programmable Divider Data Input 


Divide 

Factor N 



S16 

Si 5 

Sl 4 

m 

m 

m 

S10 

Sg 

Sg 

5 

0 

0 

0 

0 

0 

0 

0 

0 

a 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

■ 

■ 

0 

2047 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

1 


Note: Divide factor less than 5 is prohibited 
Divide factor: 5 to 2047 
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FUNCTIONAL DESCRIPTION (Continued) 

SERIAL DATA INPUT FOR PROGRAMMABLE REFERENCE DIVIDER 

Binary serial data is input to the Data pin. Each rising edge of the clock shifts one bit of the data into the shift registers and control register. Input data 
consists of 14-bit data and 1 -bit of the control bit data. In this case, the control bit is set at high level. 

The data format is shown below. 

Control bit 



14-bit Programmable Divider Data Input 



Note: Divide factor less than 8 is prohibited 
Divide factor: 8 to 16383 
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Fig. 2 - PHASE DETECTOR WAVEFORM 





High Impedance 



{N-Channel 
Open Drain 
Output) 


High impedance 


jiJLJLJLJi_n_n_njiJi_r^^ 


Note: LD is set at High level when (undock condition). 
LD is set at Low level when = fy (lock condition). 
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POWER DOWN OPERATION DESCRIPTION 

The MB87076 has a power down function which selects the operation mode or power down mode depending on the PS input signal level. 
When PS is set at low level, the power down mode is selected. During the power down mode, internal dividers stop operation. Thus, very low power 
supply consumption is achieved and the LC pin is set at Low level. 

Then the PS level goes High with the frequency of VCO as almost the same value as that under the condition of phase lock, the following sequence 
is taken: 

1 ) Programmable divider starts operation 

2 ) fv is output with some delay 

3) Programmable reference divider starts operation when it receives fy 

4) ff is output 

5) LC is forced to set at High level (normal operation mode is selected) 


When the fr outputs immediately after fp and goes into the phase detector, the phase lock condition is obtained just after the first clock. When PS Is 
set at Low level again, internal dividers stop the operation. The internal condition is then reset. 




MB87076 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdd 

2.7 

5.0 

5.5 

V 

Input Voltage 

V|N 

Vss 

- 

Vdd 

V 

Output Temperature 

Ta 

-40 

- 

+85 

°c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 


ELECTRICAL CHARACTERISTICS 

(Vss = ov, Vdd = 3.0V, Ta = -40 to +85°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except f|N and OSC|n 

ViH 


2.1 

- 

- 

V 

Low-level Input Voltage 

V,L 

- 

- 

- 

0.9 

Input Sensitivity 

^IN 

Vfpp 

Amplitude in AC 
coupling, sine wave 

0.5 

- 


Vp.p 

Sine 

OCS|N 

VsiN 

0,5 

- 

- 

High-level Input Current 

Except f|N and OSCin 

l|H 

Vin-Vdd 

- 

1.0 

- 

pA 

Low-level Input Current 

t|L 

VlN = Vss 

- 

- 1.0 

- 

Input Current 

f|N 

I^IN 

V|N = Vss to Vdd 

- 

±30 

- 

pA 

OCS|N 

IxiN 

- 

±30 

- 

High-level Output Voltage 

Except <l)P and OSCqut 

VOH 

1 

o 

II 

X 

_p 

2.95 

- 

- 

V 

Low-level Output Voltage 

Vql 

lot = OpA 

- 

- 

0.05 

Low-level Output Voltage 

(DP 

Vqlv 

Iql = 0.8mA 

- 

- 

0.80 

V 

High-level Output Voltage 

OSCouT 

Vqhx 

1 

o 

ti 

X 

_p 

2.50 

- 

- 

V 

Low-level Output Voltage 

Vqlx 

1 

o 

II 

-J 

_o 

- 

- 

0.50 

High-level Output Current 

Except (DP and OSCqut 

Iqh 

Voh = 2.0V 

' -0.5 

- 

- 

mA 

Low-level Output Current 

lOL 

Vql = 0 . 8 V 

i 0.5 

- 

- 

N-ohannel Open Drain Cut Off Current 

Iqff 

Vo = Vdd +3.0V 

- 

1.0 

- 

pA 

Power Supply Current*^ 

■ddop 

Operation mode 

- 

2.50 

- 

mA 

Iddps 

Power down mode 

- 

- 

80 

pA 

Max. Operating Frequency of 

Programmable Reference Divider 

^MAxd 

- 

10 

20 

- 

MHz 

Max. Operating Frequency of Programmable Divider 

^MAXP 

- 

10 

20 

- 

MHz 


Note: * 1 : f|N = S.OMHz, 11 .5MHz crystal is connected between OSC|n and OSCqut- 
PS is set at high level; all other inputs are set at low level. Outputs are open. 
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ELECTRICAL CHARACTERISTICS (Continued) 

(Vss = OV, Vdd = 5.0V, Ta = -40 to +85'’C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except f|N and OSCin 

V|H 

- 

3.5 

- 

~ 

V 

Low-level Input Voltage 

V|L 

- 

- 

- 

1.5 

Input Sensitivity 

f|N 

Vf|N 

Amplitude in AC 
coupling, sine wave 

0.8 

- 

- 

Vp.p 

Sine 

OCS|N 

VSIN 

1.0 


- 

High-level Input Current 

Except f|N and OSCin 

l|H 

o 

o 

> 

II 

z 

> 

- 

1.0 

- 

pA 

Low-level Input Current 


V|N = Vss 

- 

- 1.0 

— 

Input Current 


>^IN 

V|N = Vss to Vqd 

- 

±50 

- 

pA 

OCS|N 

■XIN 

- 

±50 

- 

High-level Output Voltage 

Except 0 P and OSCqut 

Vqh 

•oh = OpA 

4.95 

- 

- 

V 

Low-level Output Voltage 

VoL 

1 

o 

II 

o 

- 

- 

0,05 

Low-level Output Voltage 

<fP 

Vqlv 

IOL= 1mA 

- 

- 

0.50 

V 

High-level Output Voltage 

OSCqut 

Vqhx 

•oh = OpA 

4.50 

- 

- 

V 

Low-level Output Voltage 

VOLX 

1 

o 

II 

O 

- 

- 

0.50 

High-level Output Current 

Except (jiP and OSCqut 

■oh 

Vqh = 4.0V 

- 1.0 

- 


mA 

Low-level Output Current 

•OL 

Vql = 0.8V 

1.0 

- 

- 

N-channel Open Drain Cut Off Current 

•off 

Vo = Vq 0 +3.0V 

- 

1.0 

- 

pA 

Power Supply Current*^ 

•ddop 

Operation mode 

- 

3.0 

- 

mA 

•ddps 

Power down mode 

- 

- 

100 

pA 

Max. Operating Frequency of 

Programmable Reference Divider 

^MAXd 

- 

15 

25 

- 

MHz 

Max. Operating Frequency of Programmable Divider 

^MAXP 

- 

10 

25 

- 

MHz 


Note: * 1 : f|N = 8.0MHz, 11.5MHz crystal is connected between OSCin and OSCouT- 
PS is set at high level; all other inputs are set at low level. Outputs are open. 



PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 




©1991 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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-. ' — —. datasheet 

MB87086A 

CMOS PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87086A, fabricated in advanced CMOS technology, is a serial 
input phase locked loop (PLL) frequency synthesizer. The MB87086A contains 
an inverter for oscillator, programmable reference divider (binary 16-bit program¬ 
mable reference counter), programmable divider (binary 10-bit programmable 
counter), phase detector and charge pump. 

The MB87086A can make up a PLL synthesizer up to 95MHz operation. 

• Single Power Supply Voltage; Vdd = 4.5V to 5.5V 

• Wide Temperature Range: Ta = -30 to 60®C 

• On-chip Inverter for oscillator 

• Divide factor of programmable divider and programmable divider are set by serial 
data input. (The last data bit is a control bit.) 

• 3-type of phase detector outputs 
On-chip charge pump output for active LPF 
On-chip charge pump output for passive LPF 
Output for external charge pump 

• 16-pln Standard Dual-in-line Package (Suffix; -P) 

16-pin Standard Fiat Package (Suffix: -PF) 

• 95MHz input capability @5V (fin input) 

• fin, Clock, Data input circuits involve schmitt circuit 

• The divide factor is selected according to the following equation: 

fvco = N X (lose + R) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N ; Preset divide factor of programmable divider (5 to 1023) 
fosc ; Output frequency of the external oscillator 
R ; Preset divide factor of binary programmable reference divider 
(5 to 65535) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vdd 

Vss -0.3 to Vss +7.0 

V 

Input Voltage 

V.H 

Vss -0.3 to Vdd +0.3 

V 

Output Voltage 

VOUT 

Vss -0.3 to Vdo +0.3 

V 

Output Current 

lour 

±10 

mA 

Operating Ambient 
Temperature 

Ta 

^ to +80 

‘’C 

Storage Temperature 

Tstg 

-40 to +125 

X 

Power Dissipation 

Pd 

300 

mW 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



■RiiB device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However. 
K is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this Ngh impedance ckcuil. 


Copyright ©1990 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin No. 

Symbol 

I/O 

Description 

1 

OSC.N 

1 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. This pin receives the osdllator signal as 

AC coupled when an external oscillator is used, but for large amplitude signals (standard CMOS lev¬ 
els) DC coupling may also be used. 

2 

OSCouT 

o 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be connected to open when an external oscillator is 
used. 

3 

fv 

o 

Monitor pin for the phase detector input. 

This pin is tied to the programmable divider output. 

4 

Vdo 

■ 

Power supply voltage input. 

5 

Dop 

0 

Output pin for bw pass filter (Passive type). 

The mode of Dop is changed by the combination of programmable reference divider output frequency 

fr. and programmable divider output frequency fv as listed below: 

fr > fv: Drive mode (Dop - High level) 

fr=fv: High-impedance 

fr < fv: Sink mode (Dop = Low level) 

6 

Vss 

- 

Ground. 

7 

LD 

0 

Output of phase detector. 

It is high level when fr and fv are coherent, and when the loop is locked. Otherwise it outputs low pulse 
signal. 

8 

fin 

1 

Frequency input to programmable divider from VCO or prescaler output. 

(TTiis input has an internal feed back resistor.) 

9 

Clock 

1 

Clock signal input for shift registers. 

Each rising edge of the clock makes one bit of the data shift into the shift registers. 

10 

Data 

' 

Serial data input for shift registers. 

The last bit of the data is the control bit. The control data determines which latch is activated. 

11 

LE 

1 

Load enable input. 

When this pin is high level, the data stored in the shift registers is transferred to 16-bit latch, or 10-bit 
latch depending on the conb’ol bit setting. 

12 

Doa 

o 

Output pin for low pass filter (Active type). 

The mode of Doa is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below; 

fr > fv. Drive mode (Doa - Low level) 

fr = fv; High-impedance 

fr < fv: Sink mode (Doa = High level) 

13 

fr 

o 

Monitor pin for the phase detector input. 

ITiis pin is tied to the programmable reference divider output. 

14 

NC 

- 

No connection. 

15 

(j)V 

o 

Output pins for low pass filter (differential filter type). 

16 

<>R 

o 

Outputs for external charge pump are changed by the combination of programmable reference di¬ 
vider output frequency fr, and programmable divider output frequency fv as listed below. 

OV (j)R 

fr > fv; High level Low level 

fr= fv; High level High level 

fr < fv: Low level High level 



MB87086A 


FUNCTIONAL DESCRIPTIONS 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 

Serial data of binary code is input to Data pin. Each rising edge of clock makes one bit of the data shift into the shift registers and control register. 
Input data consists of 16‘bit or 10-bit data and 1-bit of control bit data. The 16-bit data is used for setting the divide factor of programmable 
reference divider. The 10-bit data is used for setting the divide factor of programmable divider. 

The last bit of the data stored in control register is a control bit. Control data determines which latch is activates. When this bit is athigh level, 16-bit 
latch is selected, when this is at low level, 10-bit latch is selected. 



When LE is high level and control bit is high level, the data stored in 16-bit shift register is transferred>D 16-bit latch. When LE is high level and 
control bit is at low level, the data stored in 10-bit shift register is transferred to 10-bit latch. 
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BINARY 10-BIT PROGRAMMABLE DIVIDER DATA INPUT 


(10) 

(9) 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

Divide 

Factor 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1023 


Note: Divide factor less than 5 is prohibited. 

Divide factor N: 5 to 1023 

BINARY 16-BIT PROGRAMMABLE REFERENCE DIVIDER DATA INPUT 



Note: Divide factor less than 5 is prohibited. 
Divide factor R; 5 to 65535 



SERIAL DATA INPUT TIMING 


tl - t5> 1pS 


Data 


Clock 

LE 



RXJl. 





..JOLJl 



Notes: Q 

( ) 


Data input for programmable reference divider. 
Data input for programmable divider. 


Data Serial data input is used for setting divide factor of programmable reference divider or progranmable divider. 

Data is input from MSB and last bit data is control bit. 

Control bit is set high level when divide factor of programmable reference divider is set. Control bit is set low level when divide 
factor of programmable divider is set. 

Clock Clock Input for 10-bit shift register, 16-bit shift register and control register. Data is input into internal shift registers by rising edge of 
the clock. 


LE Load enable Input: 

When LE is high level, the data stored in shift registers is transferred to 16-bit latch, or 10-bit latch depending on the control bit 
setting. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdd 

4.5 

5,0 

5.5 

V 

Input Voltage 

ViN 

Vss 


Voo 

V 

Operating Temperature 

Ta 

-30 


+60 

“C 


ELECTRICAL CHARACTERISTICS 


(Vss = OV, Voo = 5V. Ta = -30 to 60°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 

V.H 


3.5 



HI 

Low-level Input Voltage 

and OSCin 

ViL 




1.5 

H 

Input Sensitivity 

fin 

Vfpp 

Amplitude in AC coupling, 

1.0 



VptP 

OSCin 

Vsin 

Sine wave 

1.0 



High-level Input Current 

Except fin 

IlH 

ViH = VoD 


1.0 


pA 

Low-level Input Current 

and OSCin 

n 

ViL = Vss 


-1.0 


Input Current 

fin 

I fin 

ViN = Vss to Voo 


±50 


pA 

OSCiN 

lose 

ViN = Vss to Voo 


±50 


High-level Output Voltage 

Except 

VOH 

o 

X 

O 

4.95 



H 

Low-level Output Voltage 

OSCout 

VoL 

1 

o 

II 



0.05 

H 

High-level Output Current 

Except 

I OH 

VoH = 4.6V 

-1.0 



mA 

Low-level Output Current 

OSCout 

lot 

VoL = 0.4V 

1.0 



Power Dissipation*’ 

loD 



■1 


mA 

Maximum Operating*^ 
Frequency 

REF Section 

fmaxd 


40 

60 


MHz 

PD Section 

fmaxp 


95 

130 


MHz 


Notes: ♦ 1 : fin 100MHz. 22MHz cystal is connected between OSCin and OSCout pins. 

Inputs are grounded except fin and OSCw. Outputs are open. 

*2 REF Section: Maximum operating frequency of programmable reference divider. 
PD Section: Maximum operating frequency or programmable divider. 
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« 1988 FUJiTSU lIMrTED D16033S 2C 


Dimensions in 
inches (mHlimeters) 
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PACKAGE DIMENSIONS (Continued) 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 


-^400- g 


089(2 25) MAX 
r TTSEATED HEIGHT) 


002(0 05) MIN 



<0 1990 FUJITSU LIMITED F16015S-2C 


Dimensions in 
inches (milKmeiers) 
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. =: DATASHEET 


FUJITSU 


MB87087 

CMOS PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87087, fabricated in CMOS technology, is a serial input phase locked loop 
(PLL) frequency synthesizer. 

The MB87087 contains an inverter for oscillator, programmable reference divider (binary 
14-bit programmable reference counter), 14-bit shift register, 14-bit latch, phase detector, 
charge pump, 17-bit shift register, 17-bit latch, programmable divider (binary 7-bit swallow 
counter, binary 10-bit programmable counter) and control generator for dual modulus 
prescaler. 

When supplemented with a loop filter and VCO. the MB87087 contains the necessary circuit 
to make up PLL frequency synthesizer. Typically, a dual modulus prescaler such as the 
MB501L can be added, allowing input frequency operation up to 1.1GHz. 


• Wide range power supply voltage; 

Vcc = 3.0 to 6.0V 

• Wide temperature range: 

Ta=-40 to85°C 

• 17MHz typical input capability 
(g)5V (fin input) 

• On-chip inverter for oscillator 

• Programmable divider with input am¬ 
plifier consisting of; 

• Binary 7-bit swallow counter 

• Binary 10-bit programmable counter 

• Programmable reference divider with 
input amplifier consisting of; 


• Binary 14-bit programmable refer¬ 
ence counter 

• Divide factor of programmable divider 
and programmable reference divider 
are set by serial data input (The last 
data bit is a control bit) 

• 2-types of phase detector output 

• On-chip charge pump output 

• Output for external charge pump 

• Easy interface with Fujitsu prescalers 

• 16-pin standard dual-in-line package 
(MB87087P) 

16-pin standard flat package 
(MB87087PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 





NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


I The device contains circuitry to protect the inputs against 
I damage doe to high static voltages or electric lieWs. However, 

! it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 


Copyright ©t99l by FUJITSU LIMITED 
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MB87087 BLOCK DIAGRAM 
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PIN DESCRIPTION 


Pin>b. 

Symbol 


Description 

1 

OSCiN 


Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. 

This pin receives the oscillator signal as AC coupled when an external oscillator is used. For large 
amplitude signals (standard CMOS levels) DC coupling may also be used. 

2 

OSCouT 

0 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

3 

fv 

o 

Monitor output of the phase detector. 

This pin is tied to the programmable divider output. 

4 

Voo 

- 

Power supply voltage input. 

5 

Do 

0 

Three-state charge pump output of phase detector. 

The mode of Do is changed by the combination of programmable reference divider output frequency 

fr. and programmable divider output frequency fv as listed below; 

fr > fv; Drive mode (Do = High level) 

fr=fv; High impedance 

fr < fv; Sink mode (Do = Low level) 

6 

Vss 

- 

Ground. 

7 

LD 

0 

Output of phase detector. 

It is high level when fr and fv are equal, and when the loop is locked. 

Otherwise it outputs negative pulse signal. 

8 

fin 

1 

Clock input for programmable divider. 

This input contains internal bias circuit and amplifier. The connection with an external dual-modulus 
prescaier should be an AC connection. 

9 

Clock 

! 

Clock signal input for 17-bit shift register and 14-bit shift register. 

Each rising edge of the clock shifts one bit of the data into the shift registers. 

10 

Data 

1 

Serial data input for programmable divider and programmable reference divider. 

The last bit of the data is the control bit. Control bit determines which latch is activated. The data 
stored in the shift register is transferred to the 14-bit latch when the bit is high, and to 17-bit latch when 
low. 

11 

LE 

1 

Load enable input with internal pull up resistor. 

When this pin is high (active high), the data stored in shift register is transferred to 14-bit latch or 17-bit 
latch depending on the control bit data. 

12 

M 

0 

Control output for an external dual modulus prescaler. 

The connection to the prescaler should be DC connection. This output level is synchronized with fall¬ 
ing edge of input signal fin (pin #8), 

Pulse swallow function; 

e g. MB501L; M = High: Preset modulus factor 64 or 128 

M = Low; Preset modulus factor 65 to 129 
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PIN DESCRIPTION (Continued) 


Pin No. 

Symbcrf 

I/O 

; ■ Description 

13 

fr 

o 

Monitor output of phase detector input. 

This pin is tied to the programmable divider output. 

14 

NC 

- 

No connection. 

15 

OV 

o 

Output for external charge pump. 

16 

oR 

o 

The mode of <tiR and 0V are changed by the combination of programmable reference divider output 
frequency fr and programmable divider output frequency fv as listed below. 

bR bV 

fr>fv: Low-level High-level 

fr=fv: High-level High-level 

fr < fv: High-level Low-level 


FUNCTIONAL DESCRIPTION 


SERIAL DATA INPUT TIMING 


tl - t5> 1)1S 



* Data for programmable reference divider. 



Control bit 


(Control bit) 



Notes; Data: Serial data input is used for setting divide factor of programmable reference divider and progranmable divider. Data is input from 
MSB. and last bit data is a control bit. 

Control bit is set high when divide factor of programmable reference divider is set. Control bit is set low level when divide factor of 
programmable divider is set. 

Clock: Data is input to internal shift registers by rising edge of the clock. 

LE: Load enable input: 

When LE is high, the data stored in shift register is transferred to 14-bit latch, or 17-bit latch depending on the control bit setting. 
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PULSE SWALLOW FUNCTION 

fvco = [ (N X M) + A ] X fosc f R (N > A) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N ; Preset divide factor of binary 10-bit programmable counter (5 to 1023) 

M : Preset modulus factor of external dual modulus prescaler 

(e g. 64 in 64/65 mode, 128 in 128/129 mode of an M8501L prescaler) 

A ; Preset divide factor of binary 7-bit programmable counter (0 to 127. A < N) 
fosc : Output frequency of external oscillator 

R : Preset divide factor of binary 14-bit programmable reference counter (5 to 16383) 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 

Serial data consists of 14-bit data, which is used for setting divide factor of programmable reference counter, and 1 -bit control data. In this case, 
control bit is set high level. 



The data format is shown below. 



BINARY 14-BIT REFERENCE COUNTER DATA INPUT 



0 

0 

© 

@ 

@ 

© 

© 

© 

© 

0 

© 

© 

o 

Divide 

Factor 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

16383 


Note; Divide factor less than 5 is prohibited. 
Divide factor: 5 to 16383 
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DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data consists of 17-bit data, which is used for setting divide factor of programmable divider, and 1-bit control data. In this case, control bit is 
set low level. The data^to^ set a divide factor of 7-bit swallow counter and data(^to^set divide factor of 10-bit programmable counter. 

The data format is shown below. 



BINARY 7-BIT SWALLOW COUNTER DATA INPUT 


© 

© 

© 

© 

© 

© 

0 

Divide 

Factor 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

1 

1 

3 

0 

0 

0 

0 

1 

0 

0 

4 

1 

1 

1 

1 

1 

1 

1 

127 


Note: Divide factor A; 0 to 127 

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows, 
e g MB501L (-^65/65)prescaler 

SW = H (64/65): Bit 7 to shift registerQ should be zero. 


BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT 


© 

© 

© 

® 

® 

© 

© 

® 

© 

© 

Divide 

Factor 

N 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1023 


Note: Divide factor less than 5 is prohibited 
Divide factor N : 5 to 1023 
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ELECTRICAL CHARACTERISTICS 

(Vdd = 3.0V, Vss = OV, Ta = -40 tO 85^C) 


■ ■ Parameler ^ 

Symbol 

Condition 


Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 


VooxO.7 



V 

Low-level Input Voltage 

ViL 




VdoxO.3 

Input Sensitivity 

fin 

Vfin 

Amplitude in AC 
coupling, sine wave 

0.5 



Vp.p 

OSCin 

Vosc 

0.5 



High-level Input Current 

Except fin 
and OSCin 

IlH 

Vin = VoD 


1.0 


pA 

Low-level Input Current 

IlL 

ViN = Vss 


-1.0 


Input Current 

fin 

I fin 

Vin = Vss to Voo 


±30 


pA 

OSCin 

lose 

Vin = Vss to VoD 


±30 


pA 

LE 

Ile 

ViN = Vss 


-40 


pA 

High-level Output Voltage 

Except 

OSCout 

VOH 

loH = OpA 

2.95 



V 

Low-level Output Voltage 

VoL 

1 

o 

11 

_o 



0.05 

High-level Output Current 

Except M 
and OSCout 

loH 

VoH = 2.6V 

-0.5 



mA 

Low-level Output Current 

loL 

VoL = 0.4V 

0.5 



High-level Output Current 

M 

loHM 

VoH = 2.6V 

-0.7 



mA 

Low-level Output Current 

loLM 

Vol=0 4V 

1.5 


1 

Power Supply Current 

Idd 



2.5 


mA 

Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

20 


MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


10 

20 


MHz 


Notes: * 1: fin = 8.0MHz 11 .SMHz Crystal is connected between OSCin and OSCout. 
Inputs are grounded except fin and OSCin Output are open. 
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ELECTRICAL CHARACTERISTICS (Continued) 


(Vdd = 5.0V. Vss = OV, Ta = -40 to 85‘^C) 


Parameter 

Symbol 

Condition 

Value 


Min 

Typ 

Max 

Unit 

High-level Input Voltage 

Except fin 
and OSCtM 

ViH 


VooxO.7 



V 

Low-level Input Voltage 

ViL 




VooxO.3 

Input Sensitivity 

fin 

Vfin 

Amplitude in AC 
coupling, sine wave 

0,5 



Vp-p 

OSCiN 

Vosc 

0.5 



High-level Input Current 

Except fin 
and OSCin 

IlH 

ViN = VoD 


1.0 


pA 

Low-level Input Current 

lit 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to VoD 


±50 


pA 

OSCin 

lose 

ViN = Vss to Vdo 


±50 


pA 

LE 

Ile 

< 

z 

II 

< 


-60 


pA 

High-level Output Voltage 

Except 

OSCout 

VoM 

loH = OpA 

4.95 



V 

Low-levei Output Voltage 

VoL 

o 

II 

o 

1. 



0.05 

High-level Output Current 

Except M 
and OSCout 

loH 

VoH = 4.6V 

-1.0 



mA 

Low-level Output Current 

lot 

VoL = 0.4 V 

1.0 



High-level Output Current 

M 

loHM 

VoH = 4.6V 

-1.5 



mA 

Low-level Output Current 

lotM 

Vol=0.4V 

3.0 


i 

Power Supply Current 

loo 



3.5 


mA 

Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

25 


MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


17 

25 


MHz 


Note: * 1. fin = 8.0MHz. 11.5MHz Crystal is connected between OSCin and OSCout 

Inputs are grounded except fin and OSCin. Outputs are open. 



TYPICAL CHARACTERISTICS CURVE 















MB87087 


PACKAGE DIMENSIONS (Continued) 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 



089(2 25) MAX 
I (SEATED HEIGHT) 

i 002(0 05) MIN 



(TYTinn r^ 

004(0 10) j 
k 350(8.89) REF 


© 1990 FUJITSU LIMITED F16015S-2C 


Details of 'A ' part 
f 016(0 40) 



1 < Details of B" part | 


(006(0.151 

- in 




1 

00810 201 

1 1 

, I 

j 

007 (0 1 8) 



MAX 



027(0.68) 



MAX 




Dimensions in 
inches (millimeters) 


©FUJITSU LIMITED 1991 


Printed in Japan PV0130-911A3 
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DATA SHEET 


MB87091 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH POWER SAVING FUNCTION 

The Fujitsu MB87091 is a CMOS serial input Phase Locked Loop (PLL) frequency 
synthesizer ideal for use in cordless telephone sets and other radio equipment. It 
incorporates an inverter for an oscillation circuit, a programmable reference divider 
(14-bit binary programmable reference counter), a shift register control register, 
latches, a programmable divider (6-bit binary swallow counter with 12-bit binary 
programmable counter and dual modulus prescalen 64/65), a phase comparator, an 
intermittent mode control circuit, and a constant-current charge pump. The power 
save control input pin (PS) for the intermittent mode control circuit is used to switch 
between the stand by and active modes. This is used for phase synchronization at the 
beginning of operation. The MB87091 permits construction of PLL frequency 
synthesizers with operating frequencies of up to 300 MHz. 

FEATURES 

• Single power supply voltage: Vdd = 2.7 to 3.3V 

• Built-in inverter for an oscillator 

• Adjustable output current of tiie charge pump with an external resistor 

• Intermittent mode corttrol circuit 

• Two phase comparator outputs (for external and Internal charge pumps) 

• Wide operating temperature range (Ta) -40®C to 60°C 

• Plastic DIP ackage(Suffix: -P), Plastic SOP package(Suffix: -PF), 

Plastic SSOP package (Suffix: -PFV) 

• Setting the divide ratio 

Use the below formula to define the parameters for setting the divide ratio 
ivca=a5AxM+^)x(lQsc + B) (N>A) 

(fvco) Output frequency of the external VCO 

(N) Preset divide ratio of 12-bit binary programmable counter (5 to 4,095) 

(M ) Preset modulus of the dual modulus prescaler (64) 

(A) Preset divide ratio of 6-bit binary swallow counter (0 to 63) 

(fosc) Output frequency of the external reference frequency oscillator 
(R) Preset divide ratio of 14-bit binary programmable reference counte 
(5 to 16,383) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) (Vss=0V) 


Rating 

Supply voltage 

Symbol 

Vdd 

Value 

Vss-0.5toVss+6.0 

Unit 

V 

Input voltage 

ViN 

Vss-0.5 to Vod+0.5 

V 

Output voltage 

VOUT 

Vss-0.5 to Vdd+0.5 

V 

Output current 

loUT 

±10 

mA 

Ambient temperature 

Ta 

-40 to+60 


Storage temperature 

Tstg 

-40 to+125 

X 

Power dissipation 

Pd 

300 

mW 


NOTE: Penmanent device damage may occur if the above Absolute Maximum Ratings are 

exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of tnis data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



Copyright© 1994 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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PIN DESCRIPTIONS 


Pin No. 

Pin Name 

I/O 

Description 

DIP/ 

SOP 

SSOP 

1 

1 

Vdd 

- 

Power supply pin 

2 

2 

Clock 

1 

Clock input to the shift register 

Each rising edge of the clock shifts one bit of the data into the shift register. The 
input portion contains a Schmitt trigger circuit. 

- 

3 

NC 

- 

No connection 

3 

4 

Data 

1 

Serial data input for programmable divider and programmable reference divider 

The input portion contains a Schmitt trigger circuit. 

4 

5 

LE 

1 

Load Enable signal input pin 

A high on this pin transfers the contents of the shift register into the latch. The 
latched data provides the divide ratios of the dividers. The input portion contains a 
Schmitt trigger circuit. 

5 

6 

^IN 

1 

Input to the programmable divider 

The input portion contains a bias circuit and an amplifier. This pin is connected to 
an external voltage controlled oscillator (VCO) with an AC coupling. 

6 

7 

PS 

1 

Power save control input pin 

A high on this pin places the MB87091 into the active mode and a low into the stand 
by mode. The PS pin has to be set low at power-on time (see Section 1.1, 
“Intermittent Operation,” in “Functional Descriptions”). 

- 

8 

NC 

- 

No connection 

7 

9 

LD 

o 

Phase comparator output pin 

The LD pin outputs high when the PLL is locked and low when the PLL Is unlocked. 

8 

10 

Do 

0 

Phase comparator output pin 

The output current of this charge pump Is adjustable with external resistor Rrc. 

The Do output may be inverted by the FC input. The relationships between the 
programmable reference divider output (fr) and the programmable divider output 
(fp) are shown below: 

fr > fp: “H” level (FC = “L”), “L” level (FC = “H”) 

fr = fp: High impedance 

fr < fp: “L” level (FC = “L”), “H” level (FC = “H”) 

9 

11 

RC 

- 

Connect pin with an external resistor Rrc 

(see Section 1.4, "Phase Comparator” in “Functional Descriptions”) 

10 

12 

(t)R 

o 

Phase comparator output pin (for external charge pump) 

The relationships between the programmable reference divider output (fr) and the 
programmable divider output (fp) are shown below: 

When FC = “L” 

fr > fp: (j)R = “L” level 
fr = fp: (j)R = “L" level 
fr < fp: (i)R = “H” level 

When FC = “H” 

fr > fp: (1)R = “H” leve 
fr = fp: - “L” level 
fr < fp: (i)R = “L” level 

- 

13 

NC 

- 

No connection 


3-74 






MB87091 


PIN DESCRIPTIONS (Continued) 


Pin No. 


DIP/ 

SOP 


SSOP 


Pin Name 


I/O 


11 


14 


<DP 


O 


Description 


Phase comparator output pin (for external charge pump) 


12 15 


FC 


({)P is an N-channel, open-drain output. The relationships between the 
programmable reference divider output (fr) and the programmable divider output 
(fp) are shown below: 

When FC = “L" 

fr > fp: <j)P = “L” level 
fr = fp: (j)P = High impedance 
fr < fp: (jjP = High impedance 
When FC = “H” 

fr > fp: (t)P = High impedance 
fr =: fp: (t>P = High impedance 
fr < fp: (i)P = “L" level 

Phase comparator input selector pin 


13 


16 


TEST 


(see Section 1.4, “Phase Comparator” in “Functional Descriptions”) 
This is used to enable test mode 


14 


15 


17 


OSCqut 


O 


A high on this pin places the MB87091 into the test mode. As this pin is provided 
with a pull-down resistor, it should be left open as a rule. The pin is used for 
shipping tests and not used for normal operation. 

Crystal oscillator connect pin 


18 


NC 


No connection 


19 


OSCifsi 


Crystal oscillator connect pin 


16 


20 


Vss 


A crystal oscillator is connected between the OSCin and OSCour pins. It can clock 
input to OSCin from the external. In this case, the OSCin pin must be AC coupled 
and the OSCout pin must be left open. 

Ground pin 
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FUNCTIONAL DESCRIPTIONS 

1. Circuit Description 

1.1 Intermittent Operation 

The intermittent operation of the MB87091 refers to the process of activating and deactivating Its internal circuit as necessary thus 
saving power dissipation otherwise consumed by the circuit. If the circuit is simply restarted from the stand by state, however, the 
phase relationship between the reference frequency (fr) and the programmable frequency (fp), which are the input to the phase 
comparator, is not stable even when they are of the same value. This may cause the phase comparator to generate an excessively 
large error signal, resulting in an out-of-synch lock frequency. 

To preclude the occurrence of this problem, the MB87091 has an intermittent mode control circuit which forces the frequencies into 
phase synchronization with each other when the MB87091 Is reactivated, thus minimizing the error signal and resultant lock 
frequency fluctuations. The intermittent mode control circuit is controlled by the PS pin. Setting the PS pin high provides the normal 
operation mode and setting the pin low provides the standby mode and places the MB87091 into the standby state. The MB87091 
behavior in the active and standby modes is summarized below: 

• Active mode (PS = “H”) 

All MB87091 circuits are active and provide the normal PLL operation. 

• Standby mode (PS = “L”) 

The circuits that consume power heavily, and cause little inconvenience when deactivated, run down and the MB87091 enters the 
low power dissipation state. The Do, (})R, (})P, and LD pins take the same state as when the PLL is locked. The Do pin becomes 
high-impedance state and the input voltage to the voltage controlled oscillator (VCO) is maintained at the same level as in the 
active mode (lock state) according to a time constant of a low pass filter (LPF). Consequently, the output frequency from the VCO 
(fvco) is maintained at approximately the lock frequency. 

The MB87091 continues the intermittent mode operation by alternating the active and standby modes. When it switches from 
standby to active mode, it forces the phase of fr and fp to correspond to minimize the error signal. In this way, the MB87091 can 
keep the power dissipation of its entire circuitry at the minimum. 

The MB87091 must be placed into the standby mode (PS = “L") when it is powered on. 

1.2 Programmable Divider 

The fvco Input through the f jn pin is divided by the programmable divider and then output to the phase comparator as fp. It consists of a 
dual modulus prescaler, a 6-bit binary swallow counter, a 12-bit binary programmable counter, and a controller which controls the 
divide ratio of the prescaler. 

Divide ratio range: 

• Prescaler: M = 64, M+1 = 65 

• Swallow counter: A = 0 to 63 

• Programmable counter: N = 5 to 4095 

The MB87091 uses the pulse swallow method; consequently, the divide ratios of the swallow and programmable counters must 
satisfy the relationship N > A. 

The total divide ratio of the programmable divider is calculated as follows: 

Total divide ratio = (M+1)xA+Mx(N-A) = MxN+A = 64xN+A 

When N Is set within 5 < N < 63, the possible divide ratio A of the swallow counter can take values 0 < A < N-1 because N must be 
greater than A. For example, 0 < A < 19 is allowed when N = 20, but 20 < A < 63 is not allowed in that case. Consequently, N > 64 must 
be satisfied for the total divisor to be set within 0 < A < 63. 

The fp and f|N pins have the following relationship: 
fp = f,N - (64 X N + A) 
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1.3 Programmable Reference Divider 

The programmable reference divider divides the reference oscillation frequency (fosc) from the crystal oscillator connected between 
the OSCiN and OSCout pins or from the external oscillator input taken in directly through the OSCin pin. It then sends the resultant fr to 
the phase comparator. It consists of a 14-bit binary programmable reference counter. When the output from the external oscillator is 
to be input directly to OSCin, the pin connection must be AC coupled and the OSCout pin is left open. Also, to prevent OSCout from 
malfunctioning, its traces on the printed circuit board must be kept minimal or eliminated entirely; whenever possible, it must be free of 
any form of load. 

The following divisor is used: 

• Programmable reference counter: N = 5 to 16383 
The fr and fosc have the following relationship: 

• fr = fosc -5- R 



1.4 Phase Comparator 

The phase comparator detects the phase difference between the outputs f r and fp from the dividers and generates an error signal that 
is proportional to the phase difference. The outputs from the phase comparator include 1) Do which takes on one of the three states, 
“L” (low), “H” (high), or “Z” (high impedance), and Is sent to the LPF, 2) (j)R, 3) (j)P, and 4) LD which indicates the PLL lock or unlock 
state. 


1.4.1 Phase Comparator 

The phase comparator detects the phase difference between fr and fp and generates an error signal that is proportional to the phase 
difference. The roles of the fr and fp supplied to the phase comparator may be reversed by switching the logical input level on the FC 
pin; this inverts the logical level on the Do output. The logical level on the Do output may be selected according to the characteristics of 
the external LPF and the VCO. (Refer to Table 1.) 


Table 1. Phase Comparator Inputs/Output Relationships 


Relationship 

FC=“L” 

FC=“H” 

Do 

<|)R 


Do 

<|)R 

$p 

fr > fp 

H 

L 

L 

L 

H 

Z 

fr = fp 

Z 

L 

Z 

Z 

L 

Z 

fr < fp 

L 

H 

Z 

H 

L 

L 


1.4.2 Charge Pump 

The charge pump is available in two forms: internal and external. 

• Internal constant-current charge pump output (Do) 

• External charge pump outputs (({)R, (jiP) 

The output current at the Do pin from the internal constant-current charge pump is controlled by varying the external resistance (Rrc) 
connected between RC and GND, as shown in Figure 1. 
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1.4.3 Phase Comparator Input/Output Waveforms 

The phase comparator outputs the logic levels summarized in Table 1, according to the phase difference between the f r and fp phase 
differences. Note that ())P Is an N-channel open drain output. The pulse width of the phase comparator outputs are identical and equal 
to the phase difference between fr and fp, as shown in Figure 2. 
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1.4.4 Lock Detector 

The lock detector detects the lock and unlock states of the PLL. The lock detector outputs “H” when the PLL enters the lock state and 
outputs “L” when the PLL enters the unlock state, as shown in Figure 3. When PS = “L”, the lock detector outputs “H" compulsorily. 


Figure 3. Phase Comparator Input/Output Waveform (Lock Detector) 
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2. Setting the Divide Ratio 


2.1 Serial Data Format 

The format of the serial data is shown in Figure 4. The serial data is composed of a control bit and divide ratio setting data. The control 
bit selects the programmable divider or programmable reference divider. 

In case of the programmable divider, serial data consists of 18 bits (6 bits for the swallow counter and 12 bits for the programmable 
counter) and 1 control bit, as shown in Figure 4.1. In case of the programmable reference divider, the serial data consists of 14 divisor 
bits and 1 control bit, as shown in Figure 4.2, 

The control bit is set to 0 to identify the serial data for the programmable divider and to 1 to select the serial data for the programmable 
reference divider. 


LSB 


Figure 4. Serial Data Format 


Direction of data input i 


Control bit 


Swallow counter 


Programmable counter 


LSB 


Figure 4.1 Divide ratio for the programmable divider 
Direction of data input 


MSB 


c 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


IT 


Programmable reference counter 


Control bit 


Figure 4.2 Divide ratio for the programmable reference divider 
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2.2 The Flow of Serial Data 

Serial data is received via the data pin in synchronization with the Clock input and loaded into the shift register which contains the 
divide ratio setting data and into the control register which contains the control bit. The logical product (through the AND gate in Figure 
5) of LE and the control register output (i.e., control bit) is fed to the Enable input of the latches. Accordingly, when LE is set high, the 
latch for the divider identified by the control bit is enabled and the divide ratio data from the shift register Is loaded into the selected 
counter(s). 


Figure 5. The Flow of Serial Data 



* : Control Register 


2.3 Setting the Divide Ratio for the Programmable Divider 

Columns AO to A5 of Table 2.1 represent the divide ratio of the swallow counter and columns NO to Nil of Table 2.2 represent the 
divide ratio of the programmable counter. The control bit is set to 0. 


Table 2. Divide Ratio for the Divider 

Table 2.1 Swallow Counter Divisor A Table 2.2 Programmable Counter Divisor N 


Divide 

Ratio 

N 

N 

0 

N 

1 

N 

2 

N 

3 

N 

4 

N 

5 

N 

6 


N 

8 

N 

9 

N 

10 

N 

11 

5 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4095 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide 

Ratio 

A 

A 

0 

A 

1 

A 

2 

A 

3 

A 

4 

A 

5 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

63 

1 

1 

1 

1 

1 

1 
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2.4 Setting the Divide Ratio for the Programmable Reference Divider 

Columns R0-R13 of Table 3 represent the divide ratio of the programmable reference counter. The control bit is set to 1. 


Table 3. Divide Ratio for the Reference Divider 


Divide 

Ratio 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

5 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



2.5 Serial Data Input Timing 

The MB87091 uses 19 bits of serial data for the programmable divider and 15 bits for the programmable reference divider. When 
more bits of serial data than are defined for the target divider are received, only the last valid serial data bits are effective. 

To set the divide ratio for the MB87091 dividers, it is necessary to supply the Data, Clock, and LE signals at the timing shown in 
Figure 6. 

t1 (>1 jis) : Data setup time 

t2 (>1 jxs): Data hold time 

t3 (>1 ^s): Clock pulse width 

t4 (>1 p.s) : LE setup time to the fall edge of last clock 

t5 (>1 p5): LE pulse width 


Figure 6. Serial Data Input Timing 
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Since the divide ratios are unpredictable when the MB87091 is turned on, it is necessary to initialize the divide ratio for both dividers at 
power-on time. As shown in Figure 7, after setting the divide ratio for one divider (e.g., programmable reference divider), set LE to the 
"H" level before setting the divide ratio for the other divider (e.g., programmable divider). To change the divide ratio of one divider after 
initialization, input the serial data only for that divider (the divide ratio for the other divider is presen/ed). 



Figure 7. Inputting Serial Data (Setting Divisors) 
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* : Control Bit 


RECOMMENDED OPERATING CONDITIONS 


(Vss=0V) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vdd 

2.7 to 3.3 

V 

Input Voltage 

ViN 

Vss to Vdd 

V 

Ambient Temperature 

Ta 

-40 to +60 

°c 


HANDLING PRECAUTIONS 

• This device should be transported and stored In anti-static containers. 

• This Is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly 
grounded. Cover workbenches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


(Vdd = 3.0V, Vss = OV, Ta = -40 to +60'’C) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max 

Input Voltage 

Except f|N and 
OSCin 

H Level 

VlH 


2.1 

- 

- 

V 

L Level 

V|L 

- 

- 

- 

0.9 

Input Sensitivity 

l|N 

Vfpp 

AC coupling amplitude 

1.0 

- 

— 

Vp-p 

Sine 

OCSiN 

VsiN 

AC coupling amplitude 

1.0 

- 


Input Current 

Except f)N, 
OSCin & TEST 

H Level 

l)H 

Vin = Vdd 

- 

1.0 


pA 

L Level 

l|L 

V|N = Vss 

- 

-1.0 

- 

^IN 

IflN 

VjN = Vss to Vqd 

- 

±30 

- 

pA 

OCS|N 

■osc 

V|N = Vss to Vqo 

- 

±30 

- 

TEST 

•test 

o 

o 

> 

II 

z 

> 

- 

50 


Output Voltage 

Except 

OSCqut 

H Level 

VOH 

loH = OpA 

2.95 

- 

- 

V 

L Level 

VoL 

lOL = OpA 

- 

- 

0.05 

OSCout 

H Level 

VoH 

< 

o 

II 

X 

_o 

2.50 

- 

- 

V 

L Level 

VoL 

lOL = OfA 

- 

- 

0.50 

Output Current 

Except 

OSCquti Do 
&<J>P 

H Level 

•oh 

Voh = 2.5V 

-0.5 

- 

- 

mA 

L Level 

lOL 

Vol = 0.5V 

0.5 

- 

- 

Do Only 

H Level 

•oh 

Voh = 2.5V *1 

- 

-2.0 

- 

mA 

L Level 

•OL 

VoL = 0.5V *1 

- 

2.0 

- 

Cutoff Current 

(t)P Only 

iOFpl 

Vqut = Vss to Vdd 

-1.0 

- 

1.0 

pA 

Do Only 

Ioff2 

Vqut = Vdd 

- 

- 

1.0 

Supply Current 

Active Mode 

Id OOP 

*2 

- 

8 

16 

mA 

Standby Mode 

Idds 

*3 

- 

10 

- 

pA 

Maximum Operating Frequency 

REF Section 

^MAXd 

Programmable Reference 
Divider 

40 

- 

- 

MHz 

PD Section 

^MAXP 

Programmable Divider 

300 

- 

- 


*1: RRc = 5k^2 

*2: fiN = 300 MHz, 12.8 MHz crystal is connected between OSCin and OSCout pins, Rrc = 5 kO 
Inputs are connected to GND, except fiN, OSCin, and TEST. Outputs are open. 

*3: Current consumption at PS - “L". Inputs are connected to GND, except fiN, OSCin, and TEST pins. 
Outputs and the RC pin are open. 



MB87091 


TYPICAL APPLICATION EXAMPLE 



Package: DIP, SOP 
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DATA SHEET 


FUJITSU 


MB87093A/MB87095A/MB87096A 
CMOS PLL FREQUENCY SYNTHESIZER 


CMOS PLL FREQUENCY SYNTHESIZER WITH POWER 
SAVING FUNCTION 

The Fujitsu MB87093A/MB87095A/MB87096A are CMOS Phase Locked Loop 
(PLL) frequency synthesizers, and are suitable for mobile telephone sets or porta¬ 
ble telephone sets. They incorporate an N-dIvider (10-blt counter), a reference di¬ 
vider (R-divider)(6-bit reference counter), a phase comparator, a charge pump, 
analog switches, and an intermittent mode control circuit. 

A power save control input pin (PS) for the intermittent mode control circuit is used 
to switch between the standby and active modes. This function reduces a sys¬ 
tem’s total power dissipation. On-chip analog switches enable the switching of the 
time constants of low-pass filters (LPF). The MB87093A/MB87095A/MB87096A 
have different divide ratios of R-dIviders and N-dlviders from each other. Other 
functions and characteristics are common. 

FEATURES 

• Single power supply voltage: Vqd = 4.5 to 5.5V 

• Intermittent mode control circuit 

• Wide ambient temperature range: Ta = “40®C to 85®C 

• On-chip two analog switches 

• Plastic 16-pin SSOP package (Suffix: -PFV) 

• fin = (Rin/R)xN 

(fin) Output frequency of an external voltage controlled oscillator (VCO) 

(Bio) Reference frequency 
(B) Divide ratio of R-dIvider 
(N) Divide ration of N-divider 


Part No. 

Divide ratio R 

Divide ratio N 

MB87093A 

64 

725 

MB87095A 

64 

550 

MB87096A 

128 

750 


ABSOLUTE MAXIMUM RATINGS (see Note)_ (Vss = OV) 


Rating 

Symbol 

Value 

Unit 

Supply voltage 

Vdd 

Vss-0.5 to Vss +6.0 

V 

Input voltage 

V|N 

Vss “0-5 to Vdd +0-5 

V 

Output voltage 

VoUT 

Vss -0.5 to Vdd +6-6 

V 

Output current 

lour 

±10 

mA 

Ambient temperature 

Ta 

-40 to +85 

“C 

Storage temperature 

Tstg 

-40 to +125 

"C 

Power dissipation 

Pd 

300 

mW 


Note: Permanent device damage may occur tf the above Abeoliite Maximum Rating# are exceeded. Functional 

operation should be restricted to the conditions as detailed in the operational sections data sheet Exposure 
to absolute maximum rating conditions for extended periods may affect device reliability. 



(FPT-16P-M05) 


PIN ASSIGNMENT 


(TOP VIEW) 


VssC 


Z]Vdd 

TEST[I 


□ STBY 

NCC 


□ nc 

finC 


^Do 

VssC 


□aswi 

ctrlC 



RinI 


□ ASW2 

LDC 


□ ps 


This device contains circuitry to protect the inputs against dam¬ 
age due to high static voltages or electric fields. However, it is 
advised that normal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages to this high 
impedance circuit 


Copyright© 1995 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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PIN DESCRIPTIONS 


Pin No. 

Symbol 

I/O 

Pin Description 

1 

Vss 

- 

Ground pin 

2 

TEST 

1 

Test mode pin. Leave this pin open for ordinary operation, because puH-down resistor is included. 

3 

NC 

- 

No connection 

4 

fin 


N-divider input pin, and has a bias circuit and an amplifier. Connection with an external oscillator 
should be AC coupling. 

5 

Vss 

- 

Ground pin 

6 

CTRL 

1 

Control signal input pin for the analog switches. 

7 

Rin 

1 

Reference divider input pin, and has a bias circuit and an amplifier. Connection with an external 
oscillator should be AC coupling. 

8 

LD 

o 

Lock signal output pin. This pin is high when a loop is locked. This pin is low when the loop is out 
of lock. 

9 

PS 

1 

Power save control pin. When PS is Ngh. an active mode is selected. When PS is low, a standby 
mode is selected.^ 

10 

ASW2 

- 

Analog switch 2. 

11 

COMM 

. . 

Common pin of the analog switches. 

12 

ASW1 


Analog switch 1 . 

13 

Do 

o 

Tri-state output pin of the charge pump. The charge pump output level is changed according to 
combination of the R-divider output frequency fr and the N-divider output frequency fv. 

14 

NC 

- 

No connection 

15 

STBY 

0 

This pin outputs low when the standby mode is selected. When a signal is input to Rin pin after the 
active mode is selected, this pin outputs high. 

16 

VOD 

- 

Power supply pin. 


Note: ^ Refer to an intermittent operation in functional descrption in page 4. 



MB87093A 

MB87095A 

MB87096A 

FUNCTIONAL DESCRIPTIONS 

1 Intermittent Operation 

The intermittent operation of every MB87093A/MB87095A/MB87096A refers to the process of activating and deactivating its 
internal circuit for saving power dissipation. If the circuit is simply restarted from the standby state, however, an excessively large 
error signal might be generated, resulting in an out-of-synch lock frequency. Because the phase relationship between the reference 
frequency (fr) and the frequency (fv) is not stable even when they are of the same value. 

To preclude this problem, every MB87093A/MB87095A/MB87096A has an intermittent mode control circuit which forces the 
frequencies fr and fv into the same phase other than when the M687093A/MB87095A/MB87096A are reactivated, this minimizing 
the error signal and resultant bck frequency fluctuations. The intermittent mode control circuit is controlled by the PS pin. Setting the 
PS pin high provides the active mode, and setting the PS pin low provides the standby mode and places the MB87093A/MB87095A/ 
MB87096A into the standby state. 

The MB87093A/MB87095A/MB87096A must be placed in the standby mode (PS «“L") when power is impressed. 

2 input sensor 

The STBY pin outputs in the standby mode, and outputs high after receiving a signal via Bin pin when the mode switches from the 
standby mode into the active mode. 

For example, it Is possible to control a VCO by this function. 

3 N-dIvIder 

The fvco of an external VCO output signal input through fin is divided by the N-divider and then output to the phase comparator as 
fv. It consists of a binary lO-bit N-oounter. The divide ratio N of the N-divider for each MB87093A/MB87095A/MB87096A is shown 
in Table 1. 


Table 1. N-divlder*s Divide Ratio N 


Part Number 

Divide Ratio N 

MB67093A 

725 

MB87095A 

550 

MB87096A 

750 


4 R-divider 

The R-dIvider divides the reference oscillation frequency (fosc) from an external reference oscillator (TCXO), and output fr to the 
phase comparator. It consists of a binary 6-bit R-counter. Table 2 shows the R-dIvider’s divide ratio. 


Table 2. R-divider’s Divide Ratio R 


Part Number 

Divide Ratio R 

MB87093A 

64 

MB87095A 

64 

MB87096A 

128 


5 Phase Comparator 

The phase comparator detects the phase difference between the outputs fr and fv and generates an error signal that is proportional 
to the phase difference. The outputs from the phase comparator include 1) Do which takes one of the three states; namely, “L" (Low), 
•H" (high), and “Z" (high-impedance). 2) LD which indicates the PLL lock or unlock state. 
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MB87095A 

MB87096A 


5.1 Phase Comparator 

The phase comparator detects the phase difference between fr and fv and generates an error signal that is proportonai to the phase 
difference. Table 3 shows logical levels of Do and LD according to the phase relationship between fr and fv. 


Table 3. Phase Comparator Inputs/Output Relationships 


Phase Relationship 

Output 

Do 

LD 

fr>lv 

H 

L 

fr = fv 

High-Impedance 

H 

fr<fv 

L 

L 


5.2 Phase Comparator input/Output Waveforms 

The phase comparator outputs logical levels summarized in Table 3. The pulse width of the phase comparator outputs are identical 
and equal to the phase difference between fr and fv as shown in Figure 1. 



5.3 Lock Detector 

The lock detector detects the lock and unlock states of the PLL. The lock detector outputs high when the PLL enters the lock state 
and outputs low when the PLL enters the unlock state as shown in Figure 2. When pulse width of the error signal is kept zero for four 
(4) clocks, the lock detector outputs high as a lock signal. When it detects phase difference after the PLL is locked, low is output at 
once. When PS is low, the lock detector outputs high compulsorily. 
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MB87096A 


“ .JL....JLJ1_ 

^ _rLJl^L_^._rL....JLJL_ 


Figure 2. Phase Comparator Input/Output Waveforms (Lock Detector) 


6 Analog Switch 

The analog switch can be controlled by the CTRL pin. When the CTRL pin is high, each analog switch closes. When low, each 
analog sv^ch opens. For example, a LPF's time constant can be changed by using a connect, as in Figure 3. 





Rgure 3. Application Example for Analog Switch 
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MB87095A 

MB87096A 


RECOMMENDED OPERATING CONDITIONS 


(Vss-OV) 


Parameter 

Symbol 

Value 

Unit 

Power Supply VoHage 

Vdd 

4.5 to 5.5 

V 

Input Voltage 

V|N 

Vss to V[)o 

V 

Ambient Temperature 

Ta 

-40 to+85 

X 


ELECTRICAL CHARACTERISTICS 

___ (Vnn = 4.5 to 5.5V. Vrc; = QV. Ta « -40 to -^SS^C) 




Symbol 

Conditions 

Value 

Untt 




Min 

lyp 

Max 

Input VoHage 

Except fin 

H Level 

V|H 


0.7xVdd 

- 

- 


a Rin 

L Level 

V|L 


- 

- 

0.3 X Vqo 

V 

Input Sensitivity 

t|N 

Win 

AC Coupling Amplitude 

0.5 

- 

- 

Vp-p 

Rin 

VRin 

AC Coupling Amplitude 

0.5 

- 

- 

Sine 


Except Fin. 

H Level 

l|H 

V|N = VoD 

“ 

- 

1.0 

HA 

input Current 

Rin a Test 

L Level 

l|L 

< 

z 

II 

< 

09 

09 

- 

- 

-1.0 

fin 

H Level 

l|H 

O 

O 

> 

z 

> 

- 

30 

- 

pA 


Rin 

L Level 

l|N 

o 

o 

> 

II 

z 

> 

- 

-30 

- 

Output Voltage 

AH outputs 

H Level 

VoH 

f 

X 

o 

Vdo - 0.05 

- 

- 


LLevel 

VoL 

lOL = OpA 

- 

- 

0.05 

V 

Output Current 

Ail outputs 

H Level 

loH 

Voh-Vdd -0.5V 

-1.0 

- 

- 

mA 

L Level 

•OL 

Vol = 0.5V 

1.0 1 

- 

- 

Cutoff Current 

Do 

IZH 

VoUT * Vqd 

- 

1.0 

- 

mA 


IZL 

VouT * Vss 

- 

-1.0 

- 

Supply Cun-ent 

Active Mode 

Iddop 

*1 

- 

10 

- 

mA 

Standby Mode 

loos 

•2 

- 

10 

- 

ra 



REF Section 

fmaxd 

R-Divider 

16 

- 

- 


Maximum 

Operating 

Frequency 

MB87093A 

PD Section 

fmaxp 

N-Divider 

145 

- 

- 

MHz 

MB87095A 

PD Section 

fmaxp 

N-Divider 

110 

- 

- 


MB87096A 

PD Section 

fmaxp 

N-Divider 

90 

- 

- 



Notes: 


*1: MB87093A: fin = 145 MHz, Rin » 12.8 MHz, Outputs are opened. 

MB87095A: fin » 110 MHz, Rin = 12.8 MHz. Outputs are opened. 
MB87096A: fin » 90 MHz, Rin » 15.36 MHz. Outputs are opened. 

*2; inputs set iow. Outputs are opened. 




MB87093A 

MB87095A 

MB87096A 
















PACKAGE DIMENSIONS 


MB87093A 
MB87095A 
MB87096A 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M05) 


*-197±.004 

(5.0Qt0.t0) 



.252±.00d 

(6.40±0.20) 

*.173t004 

(4.4Q±0.10) 


.02S6d:.0047 

(0.6&b0.12) 


nfn 

^”-.002 


.170(4.55) 

REF 


:Thit dtm^sion do«t not Indudo rotin protniciion. 
01991 FUJITSU 11M!TE0 F16013S-2C 




(MOUNTING HEIGHT) 


I ^1 .004(0.10)1 


.213(5.40) NOM 


-4[*— •«»!:oo?(o-i6:§o|) 



Oetailtol*A*pait 

rn 

U ■ (8TANOOFi= 

(0.10tt0.10) HEIGHT) 

1 

k J 

.0201008 

1 

O^tolO* 

(0.5010.20) 


Olmontionf in 
inohot (millimoton) 
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DS04-21213-1aE 


DATA SHEET 


FUjiTSU 


MB87094 ASSP 

Serial Input PLL Frequency Synthesizer 


CMOS SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH POWER SAVING FUNCTION 


The Fujitsu MB87094 is a CMOS serial input Phase Locked Loop (PLL) frequency 
synthesizer. It incorporates an Input amplifier, a programmable divider (binary 
11-bit programmable counter and binary 7-bit swallow counter), a phase 
comparator, a charge pump, an oscillator circuit, a programmable reference 
divider (binary 12-bit programmable reference counter), a shift register/control 
register, a data latch, an intermittent mode control circuit. A power save control 
input pin (PS) for the intermittent mode control circuit is used to switch between the 
stand-by and active modes. This is used for phase synchronization at the 
beginning of operation from a stand-by mode. The MB87094 permits construction 
of PLL frequency synthesizers with operating frequencies of up to 15 MHz. 

FEATURES 


• Low power supply voltage: VDD = 1.1 to 1.7V 

VodH = 2.6 to 3.3V 

• Intermittent mode control circuit 

• Ambient temperature range: TA = ~10®C to 50®C 

• Plastic 16-pin SSOP package (Suffix: -PFV) 

• Setting the divide ratio 

Use the below formula to define the parameters for setting the divide ratio 

fVCQ = (N X M -i- A1 X ffOSC -t- (N>A) 

(fVCO) Output frequency of the external VCO 

(N) Preset divide ratio of binary11-bit programmable counter (5 to 2047) 

(M) Preset modulus of external dual modulus prescaler (M/M+1) 

(A) Preset divide ratio of binary 7-bit swallow counter value (0 to 127) 
ffOSC) Reference oscillator frequency 

(B) Preset divide ratio of binary 12-bit programmable reference counter 
(5 to 4035) 



This devios contains circuitry to protect the inputo against dam 
age due to high static voltages or electric fields. However; K is 
advised that normal precautions be taken to avoid application of 
any voltage higher ttran nwdmum rated voltages to this high im> 
pedance circuit 


Copyrjght©1994 by FOJJITSU LIMED and FUJITSUMICROELECTRONICS, INC. 
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PIN ASSIGNMENT 

(TOP VIEW) 



1 

16 

2 

15 

3 

14 

4 

13 


□ 

5 

12 

6 

11 

7 

10 

8 

9 



ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Supply Voltage 


Input Voltage 


Output Voltage 


Output Current 


Ambient Temperature 


Storage Temperature 


Power Dissipation 


Symbol 

Value 

Vdd 

-0.5 to +5.0 

VddH 

-0.5 to +5.0 

ViN 

-0.5 to Vdd+0.5 

VinH 

-0.5 to VddH+0.5 

VOUT 

-0.5 to Vdd+0.5 

VoutH 

-0.5 to VddH+0.5 

lOUT 

±10 

Ta 

-10 to+50 

Tstg 

-40 to+125 

Pd 

300 


{GND=0V) 


Unit 


V 


V 


V 


V 


V 


V 


mA 


C 


C 


mW 


Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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PIN DESCRIPTIONS 


Pin No 

Pin 

Name 

I/O 

Interface' 

Description 

1 

Vdd 

- 

IV 

Power supply pin 

2 

ftN 

1 

IV 

Programmable divider input pin 

This pin has a bias circuit and an amplifier. Connection with an external voltage con¬ 
trolled oscillator (VCO) should be AC coupling. 

3 

Clock 

1 

3V 

Clock input pin for the shift register 

Data are loaded at the rising edge of the clock. A Schmitt trigger circuit is used. 

4 

Data 

1 

3V 

Serial data input pin for setting divide ratio of dividers 

A Schmitt trigger is used. 

5 

LE 

1 

3V 

Load enable signal input pin 

When LE is set to high, the data in the shift register is sent to the latch. A Schmitt 
trigger is used. 

6 

VddH 

- 

3V 

Power supply pin 

7 

Do 

0 

3V 

Tri-state charge pump output pin 

A constant-current feed charge pump is used and its output current can be controlled 
by the external resistor Rrc. The Do output level is inverted by FC. The charge pump 
output level is changed according to the combination of the programmable reference 
divider output frequency (fr) and the programmable divider output frequency (fv). 

8 

PS 

I 

3V 

Power save control pin 

When PS is set to “H", an active mode is selected. When PS is set to “L”, a standby 
mode is selected. *2 

9 

LD 

0 

1 3V 

Phase comparator output pin 

When a PLL is locked, this pin outputs “H". When the PLL is unlocked, it outputs “L”. 

10 

FC 

1 

3V 

Phase comparator input switch pin *3 

11 

M 

0 

3V 

Control output for external dual modulus prescaler 

This output level is synchronized with the falling edge of the fiN input signal 

Pulse swallow function: 

M = “H”: Preset modulus factor M of an external prescaler 

M = “L”: Preset modulus factor M+1 of an external prescaler 

12 

Test 

I 

IV 

Test mode pin 

The test mode is selected by setting this pin to “H”. Leave this pin open for ordinary 
operation, because a pull-down resistor is used. 

13 

fr 

0 

IV 

Monitoring pin for the programmable reference divider output 

14 

fv 

0 

IV 

Monitoring pin for the programmable divider output 

15 

Rin 

1 

1V 

Connect pin with external reference oscillator (TCXO, etc.). 

A bias circuit and an amplifier are used. Connection with TCXO should be an AC 
coupling. 

16 

GND 

- 

- 

Ground pin 


Note: 

*1 : In consideration of the interface with external circuits like a microcontroller, each pin is set to either 3V interface or 
IV interface. 

*2 : When power is impressed, the PS pin has to be set to ”L”. Refer to an intermittent operation in the functional 
description. 

*3 : Refer to the phase comparator in the functional description. 




MB87094 

BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTIONS 


MB87094 


1. Circuit Description 


1.1 Intermittent Operation 


The intermittent operation of the MB87094 refers to the process of activating and deactivating its internal circuit as necessary thus saving 
electric energy otherwise consumed by the circuit. If the circuit is simply restarted from the standby state, however, the phase relationship 
between the reference frequency (fr) and the programmable frequency (fv), which are the input to the phase comparator, is not stable 
even when they are of the same value. This may cause the phase comparator to generate an excessively large error signal, resulting In an 
out-of-synch lock frequency. 



To preclude the occurrence of this problem, the MB87094 has an intermittent mode control circuit which forces the frequencies into phase 
with each other when the MB87094 is reactivated, thus minimizing the error signal and resultant lock frequency fluctuations. The 
intermittent mode control circuit is controlled by the PS pin. Setting the PS pin high provides the normal operation mode and setting the pin 
low provides the standby mode and places the MB87094 into the standby state. The MB87094 behavior in the active and standby modes 
is summarized below. 


• Active mode (PS = “H”) 

All MB87094 circuits are active and provide the normal PLL operation. 

• Standby mode (PS = "L”) 

The MB87094 stops every circuit that consumes power heavily and that causes little inconvenience when deactivated and enters the 
low-power dissipation state. The Do and LD pins take the same state as when the PLL is locked. The Do pin becomes a 
hIgh-impedance state and the input voltage to the voltage control oscillator (VCO) is maintained at the same level as in the active 
mode (that is, lock state) according to a time constant of a low pass filter (LPF). Consequently, the output frequency from the VCO 
(fvco) is maintained at approximately the lock frequency. 

The MB87094 continues the intermittent mode operation by alternating the active and standby modes. When it switches from standby 
to active modes, it forces the phase of fr and fp to correspond and minimize the error signal. In this way, the MB87094 can keep the 
power consumption of its entire circuitry at the minimum. 

The MB87094 must be placed in the standby mode (PS = “L”) when power is impressed. 


1.2 Programmable Divider 

The fvco of an external VCO output signal or the fpsc of a prescaler output signal, input through fIN, are divided by the programmable 
divider and then output to the phase comparator as fv. It consists of a binary 7-bit swallow counter, binary 11 -bit programmable counter, 
and a controller which controls the divide ratio of the prescaler. 

The following are their divide ratios: 

• Swallow counter: A = 0 to 127 

• Programmable counter: N - 5 to 2047 

The MB87094 uses the pulse swallow method; consequently, the divide ratios of the swallow and programmable counters must satisfy the 
relationship N > A. 

On the supposition that the divide ratio of a prescaler is M/M+1 (M=128), the total divide ratio of the programmable divider is calculated as 
follows; 

Total divide ratio = (M-t-1)xA+Mx(N-A) = MxN-i-A = 128xN-i-A 

When N is set within 5 < N < 127, the divide ratio A of the swallow counter can take values 0 < A < N-1 because N must be greater than A. 
For example, 0 < A < 19 is allowed when N = 20 but 20 < A < 127 is not allowed in that case. Consequently, N > 128 must be satisfied for 
the total divide ratio to be set within 0 < A < 127. 
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1.3 Programmable Reference divider 

The programmable reference divider divides the reference oscillation frequency (fosc) from an external reference oscillator (TCXO) 
connected with AC coupling, and outputs fr to the phase comparator. It consists of a 12-bit binary programmable reference counter. 
The following divide ratio is used: 

• Programmable reference counter: R = 5 to 4095 
The fr and fosc have the following relationship: 

• = fosc R 

1.4 Phase Comparator 

The phase comparator detects the phase difference between the outputs fr and fv and generates an error signal that is proportional to the 
phase difference. The outputs from the phase comparator include 1) DO which takes on one of the three states, "L” (low), “H” (high), or “Z” 
(high impedance), and 2) LD which indicates the PLL lock or unlock state. 

1.4.1 Phase Comparator 

The phase comparator detects the phase difference between fr and fv and generates an error signal that is proportional to the phase 
difference. The roles of the fr and fp supplied to the phase comparator may be reversed by switching the logical input level of the FC pin. 
This inverts the logical level of the DO output. The logical level of DO may be selected according to the characteristics of the external LPF 
and the VCO. (Refer to Table 1.) 


Table 1. Phase Comparator Inputs/Output Relationships 



FC=“L” 

FC=:“H” 

Relationship 

DO 

DO 

fr > fv 

L 

H 

fr = fv 

High‘lmpedance | 

fr < fv 

H 

_L.. 


1.4.2 Phase Comparator Input/Output Waveforms 

The phase comparator outputs logic levels summarized in Table 1, according to the phase difference between fr and fv phase 
differences. The pulse width of the phase comparator outputs are identical and equal to the phase difference between fr and fv as 
shown in Figure 1. 


n n 

_ n_1 

n_ 

f I 

1 1 

'• -i-p i 

— 

n 

! 

ni 

■L_ 

' 1 i 

1 i 

When FC=“L” _! il 

Do 1 ri 


1 

I 

1 - -- - 


I 1 II 

II II 

When FC=“H” | j j | 

Do II II 

1 

_1 

4 

n _ 

f 

1 _ Winh 7 

L_J U 1 

High Z: High impedance state 


Figure 1. Phase Comparator Input/Output Waveforms (Charge Pump) 
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1.4.3 Lock Detector 


MB87094 


The lock detector detects the lock and unlock states of the PLL. The lock detector outputs “H” when the PLL enters the lock state and 
outputs “L” when the PLL enters the unlock state as shown in Figure 2. When the pulse width of the error signal is kept zero for four (4) 
clocks, the lock detector outputs ”H” as a lock signal. When it detects a phase difference after the PLL is locked, ”L” is output at once. 



Figure 2. Phase Comparator Input/Output Waveform (Lock Detector) 


2. Setting the Divide Ratio 

2.1 Serial Data Format 

The format of the serial data is shown in Figure 3. The serial data is composed of a control bit and divide ratio setting data. The control bit 
selects the programmable divider or the programmable reference divider. 

In the case of the programmable reference divider, serial data consists of 12 bits for the programmable reference counter and 1 control bit, 
as shown in Figure 3.1. In the case of the programmable divider, the serial data consists of 18 bits (7 bits for the swallow counter and 11 
bits for the programmable counter) and 1 control bit, as shown in Figure 3.2. 

The control bit Is set to 0 to select the serial data for the programmable divider and to 1 to select the serial data for the programmable 
reference divider. 


Control Bit 

LSB 


D I*. 

Control Bit 


Direction of Data Input czC> 


c 

T 

R R 

R 

T 

R 

R 

R 

R 

R 

R 

R 


LU 

1 2 

3 


5 

6 

7 

8 

9 

10 

11 


Programmable Reference Counter -^ 

Figure 3.1 Divide Ratio for the Programmable Reference Divider 
Direction of Data Input 


C A A 

A 

A 

A 

A 

A 

N N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

0 1 

2 

3 

4 

5 

6 

0 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Swallow Counter » p- Programmable Counter • 

Figure 3.2 Divide Ratio for the Programmable Divider 


Figure 3. Serial Data Format 
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2.2 The Flow of Serial Data 


Serial data is received via the data pin in synchronization with the Clock input and is loaded into the shift register which contains the divide 
ratio setting data and into the control register which contains the control bit. The logical product (through the AND gate in Figure 4) of LE 
and the control register output (i.e., control bit) is fed to the Enable input of the latches. Accordingly, when LE is set high, the latch for the 
divider identified by the control bit is enabled and the divide ratio data from the shift register is loaded into the selected counter. 


Data 

Clock 

LE 



-1 

Programmable j 
Reference j 

Divider I 

_I 


-1 

I 

Programmable 1 
Divider j 




Figure 4. The Flow of Serial Data 


2.3 Setting the Divide Ratio for the Programmable Divider 

Columns AO to A6 of Table 2.1 represent the divide ratio of the swallow counter and columns NO to N10 of Table 2.2 represent the divide 
ratio of the programmable counter. The control bit is set to 0. 

Table 2. Divide Ratio for the Programmable Divider 


Table 2.1 Swallow Counter Divide ratio A Table 2.2 Programmable Counter Divide ratio N 



3-106 



















MB87094 


2.4 Setting the Divide Ratio for the Programmable Reference Divider 

Columns R0-R11 of Table 3 represent the divide ratio of the programmable reference counter The control bit is set to 1. 


Table 3. Divide Ratio for the Programmable Reference Divider 


Divide 

Ratio 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

5 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4095 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


2.5 Monitor Mode 

Setting both the PS pin and TEST pin high, the monitor mode is available. The fr and fv pins typically output low. In the monitor mode, the fr 
pin outputs signals from the programmable reference divider, and the fv pin outputs signals from the programmable divider. 

2.6 Serial Data Input Timing 

The MB87094 uses 19 bits of serial data for the programmable divider and 13 bits for the programmable reference divider. When more 
bits of serial data than are defined for the target divider are received, only the last valid serial data bits are effective. 

To set the divide ratio for the MB87094 dividers, it is necessary to supply the Data, Clock, and LE signals at the timing shown in Figure 5. 

t1 (>1 |is) :Data setup time t2 (>1 jis); Data hold time t3 (>1 jis): Clock pulse width 
t4 (>1 }xs) :LE setup time to the falling edge of the last clock tS (>1 p-s): LE pulse width 



Figure 5. Serial Data Input Timing 
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Since the divide ratios are unpredictable when the MB87094 is turned on, it is necessary to initialize the divide ratio for both dividers. As 
shown in Figure 6, after setting the divide ratio for one divider (e.g., programmable reference divider), set LE to the “H" level before setting 
the divide ratio for the other divider (e.g., programmable divider). To change the divide ratio of one divider after initialization, input the 
serial data only for that divider (the divide ratio for the other divider is preserved). 


Data I 

Serial Data for Programmable 
Reference Divider 

n 


Serial Data for Programmable Divider 

0 







Clock I 

13 clocks 


19 clocks 



_Tl 

* : Control bit 


Figure 6. Serial Data Setting Procedure 


RECOMMENDED OPERATING CONDITIONS 


GND = OV 


Parameter 

Symbol 

Value 

UNIT 

Power Supply Voltage 

Vdd 

1.1 to 1.7 

V 

VddH 

2.6 to 3.3 

V 

Input Voltage 

ViN 

GND to Vdd 

V 

VinH 

GND to VddH 

V 

Ambient Temperature 

Ta 

-10 to -t-50 

°c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


(VddH = 3.0V. Vdd = 1.1V, GND = QV. Ta =-10 to+50°C) 





Symbol 

Conditions 

Value 



rarameier 

Min 

Typ. 

Max 

Unit 


TEST 

H Level 

ViH 

- 

0.77 

- 

- 

I— 

Input 

Voltage 


L Level 

ViL 

- 

- 

- 

0.33 


CLK, Data, 

H Level 

ViH 

— 

2.10 

- 

- 

y 


LE, PS, FC 

L Level 

ViL 

— 

- 

- 

0.90 


Input 

Sensitivity 

flN 

Vfpp 

AC Coupling Amplitude 

0.5 

- 

- 

Vp-p 

Rin 

VSIN 

AC Coupling Amplitude 

0.5 

- 

- 

Sine 


CLK, Data, 

H Level 

IlH 

ViH = Vddh 

- 

1.0 

- 

PA 

Input 

Current 

LE, PS, FC 

L Level 

IlL 

Vil = GND 

- 

-1.0 

- 

fiN 

IfiN 

Vi GND to Vdd 

- 

±30.0 

- 

PA 


Rin 

lose 

Vi = GNDto Vdd 

- 

±30,0 

- 

PA 


TEST (pull down pin) 

I TEST 

ViH = Vdd 

- 

50.0 

- 

PA 


fr,fv 

H Level 

VOH 

1 

o 

It 

X 

o 

1.05 

- 

- 

V 

Output 

Voltage 


L Level 

VOL 

o 

1- 

11 

'S 

> 

- 

- 

0.05 


Do, LD, M 

H Level 

VOH 

o 

X 

II 

o 

2.95 

- 

- 

V 



L Level 

VOL 

p 

II 

o 

- 

- 

0.05 



fr, fv 

H Level 

I OH 

VoH = 0.6V 

-0.2 

- 

- 

mA 

Output 

Current 


L Level 

lOL 

VoL = 0.5V 

0.2 

- 

- 

Do, LD, M 

H Level 

lOH 

VoH = 2.5V 

-0.4 

- 

- 

mA 



L Level 

lOL 

VoL = 0.5V 

0.4 

- 

- 



Do 

lOFFH 

VoH = Vddh 

- 

- 

100 

nA 

v^uiun ourrcni 

lOFFL 

VoL = GND 

- 

- 

100 

nA 

Supply Current 

Active Mode 

lop 

*1 

- 

- 

1.0 

mA 

Stand-by Mode 

tSB 

*2 

- 

- 

20.0 

PA 

Maximum Operating 

REF Section 

fMAXd 

Programmable 
Reference Divider 

15 

- 

- 

MHz 

Frequency 


PD Section 

fMAXp 

Programmable Divider 

15 

— 

- 



Note; 

*1: fiN = Rin = 15MHz(0,5Vpp), lop = loo (1.4V) + IddH (3V) x 3.3 

*2: Conditions for measuring the standby current (Isb) are the same as the case of the active mode (Iop). 
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16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M05) 


- (MOUNTING HEIGHT) 


(5.00±0.10) 



(0.65±0.12) 


.252±.008 
I (6.40±0.20) 
*. 173+004 
{4.40±0.10) 


(o.22::0;’°) 



.179(4.55) 


*:This dimension does not include resin protruction. 
©1991 FUJITSU LIMITED FI 6013S-2C 


.213(5.40) NOM 


nnn +-002 /« * c+0.05 \ 
•°°®-.001 ^°-^^- 0 . 02 ^ 


Details of ”A” part 

(STANDOFF 
(0.10±0.10) HEIGHT) 


.020+008 

0°to10° \ -n (0.50±0.20) 


Dimensions in 
inches (millimeters) 
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- SECTION 4 

Super PLLs (Single Chip PLLs/Prescaiers )-Ata Glance 


Fujitsu is one of only a few semiconductor manufacturers to offer single-chip PLL/Prescaler devices and 
was the creator of the industry standard MB1501. These devices are manufactured using an advanced 
BiCMOS process that combines high speed and low power consumption in a single chip. With the increased 
emphasis on board space reduction to improve cost, reliability, and overall end product size for portable 
applications, these single-chip devices are ideal solutions for wireless systems designers. 




Prescaler 

PLL 




Page 

Number 

Device Part 
Number 

fiN (max) 

Divide 

Ratio 

N 

Program 

Counter 

A 

Swallow 

Counter 

R 

Reference 

Counter 

Ice 

(typ) 

Vec 

Package 

4-5 

MB15A01 

1.1 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

6.5 mA 

3V 

16-pin 

SSOP 

4-19 

MBISBOr* 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

13 mA 

3V 

20-pln 

SSOP 

4-33 

MBisor 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

15mA 

3-5 V 

16-pin 

DIP. SOP 

4-33 

MB1501H* 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

15mA 

3-5 V 

16-pin 

SOP 

4-33 

MB1501L* 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

15mA 

3-5 V 

16-pin 

SOP 

4-51 

MB15A02 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

6-16383 

7 mA 

5V 

16-pin 

SSOP 

4-67 

MB1502 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

5V 

16-pin 

SOP 

4-67 

MB1502H 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

6-127 

Binary 

8-16383 

8 mA 

5V 

16-pin 

SOP 

4-81 

MB15B03** 

1.1 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

10 mA 

3V 

16-pin 

SSOP 



0.3 GHz 

16/17 

32/33 







4-95 

MB15F03** 

2.0 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

9 mA 

3V 

16-pin 

SSOP 



0.5 GHz 

16/17 

32/33 







4-109 

MB1503 

1.1 GHz 

128/129 

Binary 

16-2047 

Binary 
i 0-127 

Binary 

8-16383 

8 mA 

5V 

16-pin 

SOP 

4-125 

^ MB1504* 

520 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

10 mA 

3-5 V 

16-pin 

DIP, SOP 

4-125 

MB1504H* 

520 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

10 mA 

3-5V 

16-pin 

SOP 

4-125 

MB1504L* 

520 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

10 mA 

3-5 V 

16-pln 

SOP 


* Not for new designs 
** Dual PLLs/Prescalers 



- SECTION 4 

Super PLLs (Single Chip PLLs/Prescalers) -At a Glance (Cent.) 




Prescaler 

PLL 




Pago 

Number 

Device Part 
Number 

f,H (max) 

Divide 

Ratio 

N 

Program 

Counter 

A 

Swallow 

Counter 

R 

Reference 

Counter 

Ice 

(typ) 

Vec 

Package 

4>143 

MB15E05 

2.0 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-255 

Binary 

8-16383 

6 mA 

3V 

16-pin 

SSOP 

4-157 

MB1505 

600 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-63 

Binary 

8-16383 

6 mA 

5V 

16-pln 

SOP 

4-143 

MB15E06 

2.5 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-255 

Binary 

8-16383 

7 mA 

3V 

16-pin 

SSOP 

4-169 

MB1506 

2.0 GHz 

128/129 

256/257 

Binary 

5-2047 

Binary 

0-255 

Binary 

8-16383 

18mA 

5V 

20-pin 

SSOP 

4-185 

MB1507 

2.0 GHz 

128/129 

256/257 

Binary 

16-2047 

Binary 

0-255 

Binary 

8-16383 

18mA 

5V 

16-pin 

SOP 

4-197 

MB1508 

2.5 GHz 

256/272 

512/528 

Binary 

32-^095 

Binary 

0-31 

256, 512 
1024, 

2048 

16mA 

5V 

20-pin 

SOP 

4-207 

MB1509** 

400 MHz 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

512,1024 

8 mA 

3V 

20-pin 

SOP 

4-221 

MB15U10** 

1.1 GHz 

NA 

Binary 

1024- 

131071 

NA 

Binary 

6-4095 

7 mA 

3V 

20-pin 

SSOP 

4-231 

MB1510** 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

512,1024 

15 mA 

3-5 V 

20-pin 

SOP 

4-243 

MBISBir* 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

9.5 mA 

3V 

20-pin 

SSOP 



0.4 GHz 

32/33 

64/65 







4-257 

MB1511 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

7 mA 

3-5 V 

20-pln 

SSOP 

4-269 

MB1512 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

5V 

20-pin 

SSOP 

4-281 

MB15B13** 

1.1 GHz 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

13 mA 

3V 

20-pin 

SSOP 

4-295 

I MB1513 

1.1 GHz 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

5 V 

1 20-pin 

SSOP 

4-309 

MB1514** 

400 MHz 

64/65 

Binary 

16-2047 

Binary 

0-127 

1700 

8 mA 

3V 

20-pin 

SOP 

4-323 

MB1515 

2.5 GHz 

256/272 

512/528 

Binary 

32-4095 

Binary 

0-31 

256, 512 
1024, 

2048 

16 mA 

5V 

20-pin 

SSOP 


Dual PLLs/Prescalers 




- SECTION 4 

Super PLLs (Single Chip PLLs/Prescalers) -At a Glance (Cent.) 




Prescaler 

PLL 




Page 

Number 

Device Part 
Number 

fiN (r«ax) 

Divide 

Ratio 

N 

Program 

Counter 

A 

Swallow 

Counter 

R 

Reference 

Counter 

Ice 

(typ) 

Vec 

Package 

4-337 

MB15A16 

1.2 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

6.5 mA 

3V 

16-pin 

SSOP 


MB1516A 

1.1 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

6.5 mA 

3V 

16-pin 

SSOP 

4-365 

MB1517A 

2.0 GHz 

64/65 

128/129 

Binary 

5-2047 

Binary 

0-127 

Binary 

6-16383 

14 mA 

3V 


4-391 

MB1518 

2.5 GHz 

512/528 

Binary 

32-511 

Binary 

0-31 

512 

16 mA 

5V 



MB15A19** 

600 MHz 

64/65 

Binary 

16-2047 

Binary 

0-127 

256, 2048 

11 mA 

3-5 V 



MB1519** 

600 MHz 

64/65 

1 Binary 

1 16-2047 

Binary 

0-127 





4-429 

MB15SXX 

Series 

300 MHz 

16/17 

Binary 

5^095 

Binary 

0-31 

Binary 

5-1095 

3.5 mA 

3 V 

8-pin 

SSOP 

4-437 

MB15S02 

284 MHz 
116 MHz 

^ 16/17 

Fixed 17 
Fixed 7 

Fixed 12 
Fixed 4 

Fixed 13 
Fixed 13 

3.5 mA 

3 V 

8-pin 

SSOP 


** Dual PLLs/Prescalers 
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DATA SHEET 


MB15A01 ASSP 

1.1GHz PLL FREQUENCY SYNTHESIZER 


FUJITSU 


Low power serial input PLL frequency synthesizer with 
1.1GHz prescaler 

The Fujitsu MB15A01, utilizing Bi-CMOS technology, is a single chip serial input PLL 
frequency synthesizer with pulse swallow function. 

The MB15A01 contains a 1.1 GHz two modulus prescaler that can select either a 64/66 or 
128/129 divide ratio. 

The MB15A01 can operate from a single +3 V supply. Fujitsu’s advanced technology 
achieves an Icc of 6.5 mA (typical). 

Functions 

• High operating frequency : fjN = 1 -1 GHz max. { Pin = -10 dBm) 

• Pulse-swallow function : Dual-modules prescaler with selectable 64/65 and 

128/129 divide ratios 

• Low power supply current : Iqc = 6.5 mA typ. at 3 V 

• Serial input, 18-bit programmable divider consisting of: 

Binary 7-bit swallow counter ; 0 to 127 
Binary 11 -bit programmable counter: 5 to 2,047 

• Serial input 15-bit programmable reference divider consisting of: 

Binary 14-bit programmable reference counter: 6 to 16,383 

1 -bit switch counter sets prescaler divide ratio 

• Two types of phase comparator output selectable 
On-chip charge pump output 

Output for an external charge pump 

• Wide operating temperature range: -40 to +85°C 

• Plastic 16-pin SSOP package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Ratings 

Symbol 

Value 

Unit 

Remark 

Supply voltage 

Vcc 

-0.5 to+5.0 

V 

BIBi 

Vp 

Vcc to 8-0 

V 


Output voltage 

Vo 

-0.5 to Vcc +0.5 

V 


Open drain voltage 

Voop 

-0.5 to 6.0 

V 

a>p 1 

Output current 

b 

±10 



Storage temperature 

Tstg 

-55 to+125 




NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 



FPT-16P-M05 


PIN ASSIGNMENT 


(TOP VIEW) 


OSC,N □ 1 
OSCoutF" 2 


Vp C 3 
Vcc C 4 
Do C 5 
GND □ 6 
LD □ 7 
f|N C 8 


16 

^ OR 

15 

□ OP 

14 

□ foUT 

13 

□ NC 

12 

□ FC 

11 

□ LE 

10 

□ Data 

9 

^ Clock 


(FPT-16P-M05) 


This device contains circuit to protect the inputs 
against danrage due to high static voltages or electric 
fields. However, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated vohages to this high impedance circuit. 


Copyright© 1995 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 


|Pln No. 

Pin name 

1 I/O 

Description 

■ 

OSCiN 

■ 

Programmable reference divider input 

Oscillator input 

Connection for external crystal or TCXO. 

2 

OSCouT 

0 

Oscillator output 

Connection for external crystal. 

3 

Vp 

- 

Power supply input for charge pump 

When the internal charge pump is not used, Vp pin needs to be connected to Vcc. 

4 

Vcc 

- 

Power supply 

5 

Do 

0 

Charge pump output 

6 

GND 

- 

Ground 

■ 

LD 

0 

Lock detector output 

The output level is usually high. Only when there is a phase error between fr and fp, 

LD becomes low for the period corresponding to the error. 

8 

^IN 

■ 

Prescaler input 

Connection with an external VCO should be done with AC coupled. 

9 

Clock 

■ 

Clock input for 19-bit shift register 

Data is shifted into the shift register on the rising edge of the clock. 

10 

Data 

■ 

Serial data Input using binary code 

The last bit of data is a control bit. 

When the control bit is high, data is transmitted to the 15-bit latch. 

When it is low, data is transmitted to the 18-bit latch. 

11 

LE 

m 

Load enable signal input (with internal pull up resistor) 

When LE is high, data of the shift register is transferred to a latch, depending on a 
control bit in serial data. 

12 

FC 

m 

Phase switch input for phase comparator (with internal pull-up resistor) 

When FC is low, the characteristics of phase comparator is reversed. 

The FC input signal is also used to control fouT (test pin) output (fr or fp). 

13 

NC 

- 

No connection 

14 

^OUT 

O 

Monitor pin of phase comparator input 

When FC is high, four outputs programmable reference divider output(fr). When FC is low, four 
outputs programmable divider output(fp). 

15 

<DP 

0 

Phase comparator output for an external charge pump 

Phase of the output Is reversed depending on FC input. 

<I)P pin is a N-ch open drain output. 

16 

<I>R 

0 

Phase comparator output for an external charge pump 

Phase of the output is reversed depending on FC Input. 

OR pin is a C-MOS output. 


























































MB15A01 


FUNCTION DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation: 

tvco = [(PxN) + Alxfosc'»-R (A<N) 

fvco • Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11-bit programmable counter (5 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

fosc • Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14-bit programmable reference counter (6 to 16,383) 

P : Presetdivideratioof modules prescaler (64 or 128) 

Serial data input 

Serial data is processed using the Data, Clock, and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit 
programmable divider separately. 

Binary serial data is entered via the Data pin. 

One bit of data is shifted into the internal shift register on the rising edge of clock. When the load enable pin is high or open, stored data 
is latched depending on the control data as follows: 


Control data 

Destination of serial data 

H 

15 bit latch 

L 

18 bit latch 


(a) Programmable reference divider 

The programmable reference divider consists of a 16-bit shift register, a 15-bit latch and a 14-bit reference counter. The serial 
16-bit data format is shown below: 
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• 14‘bit programmable reference counter divide ratio 


Divide ratio 

S 

s 

s 

s 

s 

s 

s 

s 

$ 

s 

s 

s 

s 

S 

R 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Notes: 


(Divide ratio = 6 to 16,383) 

1. Divide ratios less than 6 are prohibited. 

2. SW :This bit selects the divide ratio of the prescaler. 

Low; 128 or 129 
High: 64 or 65 

3. SI to SI4: These bits select the divide ratio of the programmable reference counter (6 to 16,383). 

4. C: Control bit: Set high. 

5. Start data input with MSB first. 




(b) Programmable divider divide 

The programmable divider consists of a 19-bit shift register, a 18-bit latch, a 7-bit swallow counter, and a 11 -bit programmable 
counter. The serial 19-bit data format is shown below: 


Direction of data shift 
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• 7-bit swallow counter divide ratio • 11 -bit programmable counter divide ratio 



(Divide ratio = 0 to 127) (Divide ratio = 5 to 2,047) 


Notes: 1. Divide ratios less than 5 are prohibited for 11-43it programmable counter. 

2. SI to S7: These bits select the divide ratio of swallow counter (0 to 127). 

3. S8 to SI8: These bits select the divide ratio of programmable counter (5 to 2,047). 

4. C: Control bit: (Set low) 

5. Start data input with MSB first. 


Serial data input timing 

• ti (> 100ns): Data setup time \2 (^ 1000ns): Data hold time ts (> 300ns): Clock pulse width 

t 4 (> 100ns): LE setup time to the rising edge of last clock ts (> 800ns): LE pulse width 
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Relation between the FC input and phase characteristics 

The FC pin changes the phase characteristics of the phase comparator. Both the internal charge pump output level (Dq) and the 
phase comparator output (OR, <t>P) are reversed depending on the FC pin input level. Also, the monitor pin (four) output Is controlled 
by the FC pin. The relationship between the FC input level and each of Dq, OR, and OP is shown below: 



fr=:fp Z{*^) L Z(*1) (fr) Z{*^) L Z^t) (fp) 

*1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO and LPF characteristics. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Remark 

Min 

tVp 

Max 

Supply voltage 

Vcc 

2.7 

3.0 

3.5 

V 


Vp 

Vcc 

- 

6.0 

V 


Input voltage 

V| 

GND 


Vcc 

V 


Operating temperature 

Ta 

-40 

- 

+85 

"C 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device Into or from a socket. 

Protect leads with conductive sheet, when transporting a board mounted device. 
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ELECTRICAL CHARACTERISTICS 


(Recommended operating conditions uniess otherwise noted.) 


Parametek* 



Unit 

Condition 



lyp 

Max 

Supply current 

Ice 

- 

6.5 

- 

mA 

f!N = 1.1 GHz, OSC|n = 12 
MHz, Vcc = 3.0 V. In locked 
state. 

Operating frequency 

^IN 

f|N 

10 

- 

1100 

MHz 

AC coupling. The minimum 
operating frequency is mea¬ 
sured with a lOOOpF capaci¬ 
tor connected. 

OSCiN 

^OSC 


12 

23 

MHz 


Input sensitivity 

^IN 

Pf IN 

-10 

- 

6 

dBm 

500 

OSC]|sj 

Vosc 

0.5 

- 

- 

Vp-p 


High-level Input voltage 

Clock, Data, 

LE 

V|H 

VccxO.7 

- 


V 


Low-level input voltage 

V|L 

- 

- 

VccxO.3 

V 


High-level Input current 

Data, Clock 


- 

- 

1.0 

MA 


Low-level input current 

l|L 


- 

-1.0 

pA 


input current 

OSCiisi 

•osc 

- 

±50 

- 

pA 


FC, LE 

Ile 

- 

-60 

- 

pA 


High-level output voltage 

OR, LD 

VoH 

2.1 

- 

- 

V 

Vec = 3 V, loH = “1 -OmA 

Low-level output voltage 

OR/P, LD 

VoL 

- 


0,4 

V 

Vcc = 3V, Iql = 1 

High-impedance 

Cut off current 

Dq,, op 

lOFr 


- 

1.1 

pA 

Vp = Vccto6.0V 
VooP=GNDto 6.0 V 

Output current 

OR, LD 

Iqh 

~1.0 



mA 

Vcc = 3V 

OR/P, LD 

•OL 

- 

- 

1.0 

mA 

Vcc = 3V 
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MB15A01 


TEST CIRCUIT 

(FOR MEASURING INPUT SENSITIVITY fin/OSCin) 



5 










MB15A01 


APPLICATION EXAMPLE 



Vpx Maximum 6 V 

Vp When the internal charge pump is not used, please connect to Vcc- 

Cl, C 2 Depend on the crystal parameters 

LE, FC ; With internal pull-up resistor 

<I>P, tout : N-ch open drain output 

OR C-MOS output 
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DS04-21322-1aE 


DATA SHEET 



MB15B01 ASSP 

DUAL INPUT PLL FREQUENCY SYNTHESIZER 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 1.1 GHz PRESCALER 

The Fujitsu MB15B01 is a 1.1 GHz dual serial input PLL (Phase Locked Loop) frequency 
synthesizer designed for cellular phones, cordless phones and other radio applications. 

The MB15B01 has two PLL circuits on a single chip: PLL1 and PLL2. An analog switch is 
provided for each PLL circuit to decrease lock up time. Separate power supply pins are provided 
for each PLL circuit. 

Two 1.1 GHz dual modulus prescalers are included inside and enables a pulse swallow function. 

It operates with a supply voltage of 3.0V typ. and dissipates 13 mA typ. of current realized 
through the use of Fujitsu’s unique Bi-CMOS technology. 

FEATURES 

• High operating frequency: fin = 1.1 GHz (Pin s= -10 dBm, Vcc = 3V) 

• Pulse swallow function: 64/65 or 128/129 

• Serial Input 14-bit programmable reference divider: R = 8 to 16,383 

• Serial input 18-bit programmable divider consisting of: 

- Binary 7-bit swallow counter: 0 to 127 

- Binary 11-bit programmable counter: 16 to 2,047 

Each programmable counter can be controlled Independently. 

• Low power supply voltage: Vcc = 2.7 to 3.5V 

• Low power supply current: Ice (total) = 13 mA typ. (Vcc = 3V) 

• Power saving function : Icci * bez - 100 pA typ (Vcc = 3V) 

• On-chip analog switches achieve fast lock up time 

• Digital lock detector 

• Wide operating temperature: Ta = -30 to 80°C 

• Plastic 20-pin SSOP package 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Parameter 

Symbol 

Remark 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to 5.0 

V 

Output Voltage 

VOUT 


-0.5 to Vcc+0.5 

V 

Open Drain Voltage 

VOOP 

fr.fp 

-0.5 to+ 5.0 

V 

Output Current 

lOUT 


±10 

mA 

Storage Temperature 

Tstg 


-55 to+125 

OC 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed ir the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



PLASTIC FLAT PACKAGE 
FPT-20P-M03 


PIN ASSIGNMENT 

gndI 

1 

20 

1 Clock 

OSCinI 

2 

19 

1 Data 

OSCoutI 

3 

18 


fini 

4 

17 

fin2 

Veci ^ 

5 TOP 

16 

^ Vcc2 


VIEW 

6 

15 

□ fp 

LDll 

7 

14 

LD2 

BSC1 1 

8 

13 

Z] BSC2 

Doll 

9 

12 

Z] 

BS1 [Z. 

10 

11 

Z] BS2 






This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit._ 



Copyright© 1994 by FUJITSU LIMITED AND FUJITSU MICROELECTRONICS, INC. 
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MB15B01 


BLOCK DIAGRAM 


Vcci 


L Crystal 
oscillation’ 
circuit 


Intermittent 
mode control 
(for PLL2) 


PS2-. 

u 




PRE2 


Schmitt 
circuit 



^ 15-blt latch 



N 21-bit latch (PLL2) 


FC2 




Binary 7-bit M Binary 11-bit 


swallow count¬ 
er {PLL2) 


programmable 
counter (PLL2) 


fP2 


fp monitor 
output 
selector 


LD2 


Digital lock detector 
(forPLL2) 


LD2 


Phase 

Icomparator 

(PLL2) 


Charge] 

pump 

(PLL-2)| 



53 BSCs 


Schmitt 

circuit 

- 



Schmitt 

circuit 

h 


Latch selection 
circuit 

3 

nr 



T> 23-bit shift 

1 • ; 

1 

2 ' register 

i 


a 


VCC2 GND 
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MB15B01 


PIN DESCRIPTIONS 


Pin No. 


Pin Name 


I/O 


GND 


OSCiN 

OSCouT 


fln1 


Vcci 


Descriptiona 


Ground. 


Oscillator input pin. 

Oscillator output pin. 

A crystal is connected between OSCjn pin and OSCouT pin. 


Prescaier input pin of PLL1 section. 

The connection with VCO should be AC. 


Power supply voltage input pin of PLL1 section. 

When power is OFF, latched data of PLL1 section Is cancelled. 


Monitor pin for programmable reference divider output. (Open drain output) 


7 LD1 


Lock detect signal output pin of PLL1 section. 


8 BSC1 


Status 

LD pin output level 

Lock 

H 

Unlock 

L 


Analog switch control pin of PLL1 section. 


Dol 


10 


BS1 


BS2 


12 


Do2 


13 


BSC2 


BSC1 

BS1 pin output 

L 

High-impedance 

H 

Charge pump output 


Charge pump output pin of PLL1 section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 
Analog switch output pin of PLL1 section, and controlled by BSC1. 


Analog switch output pin of PLL2 section, and controlled by BSC2. 

Charge pump output pin of PLL2 section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 
Analog switch control pin of PLL2 section. 


14 


LD2 


BSC2 

BS2 pin output 

L 

High-impedance 

H 

Charge pump output 


O 


Lock detection signal output pin of PLL2 section. 


15 


fp 


Status 

LD pin output level 

Lock 

H 

Unlock 

L 


O 


Monitor pin for programmable divider output. (Open drain output) 

This pin outputs divided frequency of PLL1 section or PLL2 section depending upon FP bit setting. 


FP bit 

Output 

H 

PLL1 section (fpl) 

L 

PLL2 section (fp2) 
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MB1SB01 


PIN DESCRIPTIONS (Continued) 


Pin No. 

Pin Name 

I/O 

Descriptions 

16 

Vcc2 


Power supply voltage input pin for PLL2 section, programmable reference divider, shift register, and 
crystal oscillator. 

When power is OFF, latched data of PLL2 section and reference counter is cancelled. 

17 

fin2 

1 

Prescaler input pin of PLL2 section. 

The connection with VCO should be AC. 

18 

LE 

1 

Load enable input pin. This pin is followed by a schmitt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch depending on a 
control data. 

19 

Data 

1 

Serial data input pin of 23-bit shift register. This pin is followed by a schmitt trigger circuit 

The stored data in the shift register is transferred to one of PLL1 programmable counter, PLL2 
programmable counter and programmable reference counter depending upon control data settings. 

20 

Clock 

1 

Clock input pin of 23-bit shift register. This pin is followed by a schmitt trigger circuit. 

On rising edge of the clock, one bit of data is transferred Into the shift register. 


FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 
fvco = {(P X N) + A} X fosc + R (A < N) 

fvco: Output frequency of external voltage controlled ocillator (VCO) 

P: Preset divide ratio of dual modulus prescaler (64 or 128) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2,047) 

A: Preset divide ratio of binary 7-bit swallow counter (0^ A < 127) 
fosc: Reference oscillation frequency 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16,383) 





MB15B01 


FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is entered using three pins, Data pin, Clock pin, and LE pin. Programmable counters of PLL1 section and PLL2 section, and program¬ 
mable reference counter are controlled individually. 

Serial data of binary data is entered via Data pin. 

On rising edge of clock, one bit of serial data is transferred into the shift register. When load enable signal is high, the data stored in the shift register 
is transferred to one of latch of them depending upon the control bit data setting. 


Control bits 

Destination of serial data 

CN1 

CN2 

L 

L 

Reference counter 

L 

H 

Programmable counter of PLL1 

H 

H 

Programmable counter of PLL2 


SHIFT REGISTER CONFIGURATION 


Programmable Reference Counter 


LSB Data Flow-► 

j_ i 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

C 

C 

F 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

N 

N 

P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 

2 

















R1 to R14 : Divide ratio setting bit for the programmable counter (8 to 16,383) 
FP : Test purpose bit (monitor output fp 1 /fp2 selection) 

CN1,2 : Control bit 


Programmable Counter 

LSB Data Row 


i 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

C 

C 

P 

P 

F 

A 

A 

A 

A 

A 

A 

A 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

S 

R 

C 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 

2 


E 





















N1 toN11 
A1 to A7 
FC 
PRE 
PS 

CN1,2 


: Divide ratio setting bit for the programmable counter (16 to 2,047) 
: Divide ratio setting bit for the swallow counter (0 to 127) 

: Phase control bit for the phase detector 
: Divide ratio setting bit for the prescaler (64/65,128/129) 

: Power saving control bit 
: Control bit 





MB15B01 


BINARY 14-BIT PROGRAMMABLE REFERENCE COUNTER DATA SETTING 


Divide 

Ratio 

(R) 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 








• 








16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: • Divide ratio less than 8 is prohibited. 

• Divide ratio (R) range = 8 to 16383 

BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


Note: « Divide ratio less than 16 is prohibited. 
• Divide ratio (N) range 16 to 2047 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 













2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 









127 

1 

1 

1 

1 

1 

1 

1 


Divide ratio (A) range = 0 to 127 


PRESCALER DATA SETTING 


Divide Ratio 

PRE 

64/65 

1 

128/129 

0 


Note: • Divide ratio for each PLL1 and PLL2 is set by the serial data 
at that time of divide ratio setting for each programmable 
divider. 


PHASE COMPARATOR PHASE CONTROL DATA SETTING 



FC = H 

FC = L 

fr >fp 

H 

L 

fr = fp 

Z 

Z 

fr<fp 

L 

H 

VCO Polarity 

o 

@ 


Note: • Z “ High-impedance 

• Depending upon the VCO polarity, PC bit should be set. 

• Phase characteristic for each PLL1 and PLL2 is set by the 
serial data at that time of divide ratio setting for each 
programmable divider. 


VCO Output 
Frequency 



4-24 











MB15B01 


POWER SAVING FUNCTION CONTROL (INTERMITTENT OPERATION) 



PS 

H 

L 

PLLI’s section 

ON 

OFF 

PLL2's section and 
common section 

ON 

OFF 


Note: • Power saving mode for each PLL1 and PLL2 is selected by the serial data at that time of divide ratio setting 
for each programmable divider. 

• Common section ; Crystal oscillator circuit, reference counter 

• Just after powering up, please set PS bit to “L" at first. 


Intermittent operation limits power consumption by shutting down or start the internal circuits case by case. If device 
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined 
phase relationship between the reference frequency (fo) and the comparison frequency (fp) and frequency lock is lost. 

To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by 
forcibly correcting phase of both frequencies to limit the error signal output. 



SERIAL DATA INPUT TIMING 


t1 (>100ns) : Data set up time t2(>1000ns) ; Data hold time t3{>300ns): Clock pulse width 

t4(>100ns) : LE set up time to the rising edge of the last clock tS (>800ns): LE pulse width 


O Data Nil = MSB 


XE.. .EaE...EX 


CN1 =* LSB 


_rUJi...fLLrL.. .Ji_n 

'I II III 


O LE 



On rising edge of the clock, one bit of the data is transferred into the shift register. 
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Ill 


PHASE DETECTOR OUTPUT WAVEFORM 



Note: • Phase error detection range - -2n to +2n 

• LD output becomes low when phase error is twu or more. 

• LD output becomes high when phase error is twL or less and continues to be so for three cysles or more. 

and tWL depend on OSCin input frequency. 

^8/fosc (e. g. twu |625ns, foscin ss 12.8 MHz) 

516/fosc (e. g. tWL 51250ns, foscin * 12.8 MHz) 







MB15B01 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

3.5 

V 

Vcci = Vcc2 

Input Voltage 

ViN 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-30 

- 

+80 

«c 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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MB15B01 


ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Value 

UnH 

Min 

lyp 

Max 

Power Supply Current 

led 

PLL1 section 

- 

6.0 (0.1)'* 

- 

mA 

lcc2 

PLL2 & common sections 

- 

*1 

7.0 (0.1) 

- 

Operating Frequency 

fin 

fin 


100 

- 

1100 

MHz 

OSCiN 

fosc 


- 

12.8 

20.0 

Input Sensitivity 

fin 

Rin 

50£2 

-10 

- 

0 

dBm 

OSCiN 

Vosc 


0.5 


- 

Vp-p 

High-level Input Voltage 

Data, 

Clock 

LE, BSC 

ViH 


VccxO.7+0.4 

- 

- 

V 

Low-level Input Voltage 

VlL 


- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock 

LE, BSC 

IlH 


• - 

1.0 

- 

pA 

Low-level Input Current 

IlL 



-1.0 

- 

Input Current 

OSCiN 

lose 


- 

±50 


High-level Output Voltage 

LD 

VOH 

Vec = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VOL 

Vcc = 3.0V 

- 

- 

0.4 

High-impedance Cutoff 
Current 

Do,BS 

lOFF 


_ 

_ 

1.1 

pA 

Output Current 

LD 

lOH 


-1.0 

- 

- 

mA 

lOL 


- 

- 

1.0 

Do1,2 

lOH 

Vec = 3.0V 

- 

-2.5 

- 

mA 

lOL 

Vee = 3.0V 

- 

5.0 

- 

Analog Switch ON Resistance 

Ron 


- 

50 

1 

SI 


*1 ; The value in () Is power supply current in power saving mode. 
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MB15B01 


TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST) 




















MB15B01 


.025e±.0047 

(0.65±0.12) 



*:This dimension does not include resin protruction 


©1991 FUJITSU LIMITED F20012S-2C 
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Edition 6.0a 


DATA SHEET 


MB1501/MB1501H/MB1 SOIL 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


Fufrsu 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 1.1GHz PRESCALER 

The Fujitsu MB1501/MB1501H/MB1501L, utilizing BI-CMOS technology, is a 
single chip serial Input PLL frequency synthesizer with pulse-swallow function. 

The MB1501 series contain a 1.1 GHz two modulus prescaler that can select either 
64/65 or 128/129 divide ratio; control signal generator; 16-bit shift register; 15-bit 
latch; programmable reference divider (binary 14-bit programmable reference 
counter): 1-bit switch counter; phase comparator with phase inverse function; 
charge pump; crystal oscillator; 19-bit shift register; 18-bit latch; programmable 
divider (binary 7-bit swallow counter and binary 11-bit programmable counter). 

The MB1501 operates on a low supply voltaoe (3V typ) and consumes low power 
(45mW at 1.1GHz). 


MB1501 Product Line 



Vp 

Voltage 

Vopp 

Voltage 

Lock up 
time 

— 

Output 

Width 

High-level 

Output 

Current 

Low-level 

Output 

Current 

MB1501 

8V max 

8.5V max 



Middle 

Middle 

MB1501H 

10V max 

10.0V max 

High speed 

Low 

High 

Low 

MB1501L 

8V max 

8.5V max 

Low speed 

High 

Low 

High 


• High operating frequency: f|N max=1-1GHz (Pin MiN=0-20Vp.p) 

• On-chip prescaler 

• Low power supply voltage: 2.7V to 5.5V (3.0V typ) 

• Low power supply consumption: 45mW (3.0V, 1.1 GHz operation) 

• Serial input 18-bit programmable divider consisting of: 
o Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

o Binary 11 -bit programmable counter (Divide ratio: 16 to 2047) 

• Serial input 15-bit programmable reference divider consisting of: 

o Binary 14-blt programmable reference counter (Divide ratio: 8 to 16383) 
o 1-bit switch counter (SW) Sets divide ratio of prescaler 

• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: Ta=^ 0®C to +85°C 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Condition 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to +7.0 

V 

VPH 

MB1501H 

Vr^nto12.0 

V 

_VpVpL 

MB1501/1501L 

Vnc to 10.0 

Output Voltage 



-0.5 to Vcc +0.5 

V 

Open-drain Output 


MB1501H 

-0.5 to 11.0 

V 



-0.5 to 9.0 




±10 


1 Storage Temperature 

Trtr 


-55 to+125 

°C I 


NOTE: Permanent device damage may occurif the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 


PIN ASSIGNMENT 

OSCiN [T 


2^ 0R 

OSCqut 


gop 

Vp[3 


gfp 

EM 

O o 

(TOP ViEW) 

gtr 

2^ FC 

GND [6 


^ LE 

ld[7 


23 Data 

fin [8 


^ Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated volt- 
ages to this high impedance circuit._ 


Copyright©1994 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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MB1501 

MB1501H 

MB1501L 


PIN DESCR 

IPTIONS 

Pin No. 

Pin Name 

I/O 

Descriptions 

1 

2 

OSC|N 

OSCouT 

I 

O 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSCi^ and OSCout- 

3 

Vp 

— 

Power supply input for charge pump. 

4 

Vcc 

- 

Power supply voltage input. 

5 

Do 

0 

Charge pump output. 

Phase characteristic can be inversed depending upon FC input. 

6 

GND 

— 

Ground. 

7 

LD 

0 

Phase comparator output. 

This pin outputs high when the phase is locked. While the phase difference of fr and fp exists, 
the output level goes low. 

8 

^in 

I 

Prescaler input. 

The connection with an external VCO should be an AC connection. 

9 

Clock 

' 

Clock input for 19-bit shift register and 16-bit shift register. 

Each rising edge of the clock shifts one bit of data into the shift registers. 

10 

Data 

I 

Serial data of binary code input. 

The last bit of the data is a control bit. The last data bit specifies which latch is activated. 

When the last bit is high level and LE is high-level, data is transferred to 15-bit latch. 

When the last bit is low level and LE is high level, data Is transferred to 18-bit latch. 

11 

LE 

I 

Load enable input (with internal pull up resistor). 

When LE is high level (or open), data stored in the shift register is transferred to latch depend¬ 
ing on the control data. 

12 

FC 

o 

Phase selecting input of phase comparator (with internal pull up resistor). When FC is low 
level, charge pump and phase detector characteristics can be inversed. 

13 

fr 

o 

Monitor pin of phase comparator Input. 

It is the same as programmable reference divider output. 

14 


o 

Monitor pin of phase comparator input. 

It is the same as programmable divider output. 

15 

16 

0P 

0R 

0 

0 

Outputs for external charge pump. 

Phase characteristics can be inversed depending on FC input. 

0P pin is an N-channel open-drain output. 
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MB1501 

MB1501H 

MB1501L 


FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data Input is Input using Data pin, Clock pin and LE pin, The 15-bit programmable reference divider and 18-bit programmable 
divider are controlled respectively. 

On rising edge of the clock shifts one bit of the data into the internal shift registers. 

When load enable (LE) is high level (or open), data stored in shift resisters is transferred to 15-bil latch or 18-bit latch depending upon 
the control bit level. 

Control data “H”; Data is transferred into 15-bit latch. 

Control data “L”; Data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-blt data format is 
shown below. 


Last data input 


Control bit 
LSB 


► Data input 

Divide ratio of prescaler setting bit 
MSB 


Z1 


Divide ratio of programmable reference counter setting bits 


r 


First data input 


SW 


@ 14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

ratio 

R 

S 

14 

S 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide ratio less than 8 is prohibited. 
Divide ratio R: 8 to 16383 


SW: Divide ratio of prescaler setting bit. 

SW=:“H": 64 
SW=“L” : 128 

S^ to 3 ^ 4 : Divide ratio of programmable reference counter setting bits (8 to 16383) 
C: Control bit (Control bit is set to high.) 
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FUNCTIONAL DESCRIPTIONS 

PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown below. 


Last data input 


Data input 


Control bit 
LSB 


Divide ratio of swallow counter 
setting bits 


First data input 
MSB-, I 


Divide ratio of programmable counter 
setting bits 


@ 7-BIT SWALLOW COUNTER DIVIDE RATIO @ 11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

ratio 

A 

S 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 


Divide 

ratio 

N 

s 

18 

s 

17 

s 

16 

s 

15 

s 

14 

s 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

0 

0 

0 

0 

0 

0 

0 

0 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 


17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide ratio A ; 0 to 127 Divide ratio less than 16 is prohibited. 

Divide ratio N : 16 to 2047 


$8 to Sia :Divlde ratio of programmable counter setting bits (16 to 2047) 
Si to Sy : Divide ratio of swallow counter setting bits (0 to 127) 

C; Control bit (Control bit is set to low.) 

Dara is input from MSB data. 


4 - 




MB1501 

MB1501H 

MB1501L 



PHASE CHARACTERISTICS 


FC pin (pin 12) is provided to inverse the phase comparator 
characteristics. The characteristics of internal charge pump output 
(Do), phase detector outputs (0R, 0P) can be inversed depending 
upon FC Input data. Outputs are shown below. 



FC=H (or open) 

FC=L 

Do 

0R 

0P 

Do 

0R 

0P 

fr>fp 

H 

L 

L 

L 

H 

Z 

fr<fp 

L 

H 

Z 

H 

L 

L 

fr=fp 

Z 

L 

Z 

Z 

L 

Z 


Note: Z=(High impedance) 


Depending upon VCO characteristics, FC pin should be set accord¬ 
ingly: 

When VCO characteristics are Iike0, FC should be set high or open 
circuit; 

When VCO characteristics are lil<e@, FC should be set Low. 


VCO CHARACTERISTICS 
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RECOMMENDED OPERATING COI^ 

IDITIONS 

Parameter 

Symbol 


Value 

Unit 

Min 

TVp 

Max 

Power Supply Voltage 

Vcc 


2.7 

3.0 

5.5 

V 

VpH 

MB1501H 

Vcc 


10.0 

V 

Vp, Vpu 

MB1501 

MB1501L 

Vcc 


8.5 

Open-drain Output 

VoOPH 

MB1501H 

Vcc 


10.0 

V 

Voop Vqopl 

MB1501 

MB1501L 

Vcc 


8.5 

Input Voltage 

V|N 


GND 


Vcc 

V 

Operating temperature 

r^ 


-40 


+85 

°c 
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ELECTRICAL CHARACTERISTICS 


(Vcc=2.7 to 5.5V, Ta=- 40 to +85°C) 


Parameter 

Pin Name 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Vcc 

Icc 

*1 

— 

15 

— 

mA 

Operating Frequency 

fin 

f|N 

*2 

10 

— 

1100 

MHz 

OSC|N 

fosc 


— 

12 

20 

MHz 

Input Sensitivity 

f|n 

Pfin1 

Vcc=2.7to4.0V 

-10 

— 

6 

dBm 

Pfin2 

Vcc=4.0 to 5.5V 

-4 

— 

6 

dBm 

OSCiN 

ViN 


0.5 

— 

— 

Vp.p 

High-level Input Voltage 

Except 
fin and 
OSC|N 

V,H 


0.7xVcc 


— 

V 

Low-level Input Voltage 

V|L 


— 

— 

0.3xVcc 

V 

High-level Input Current 

Data, 

Clock 

i|H 


— 

1.0 

— 

pA 

Low-level Input Current 

IlL 


— 

-1.0 

— 

pA 

Input Current 

OSC(N 

l|N 


— 

±50 

— 

pA 

LE, FC 

Ile 


— 

-60 


pA 

High-level Output Voltage 

Except 

Do and 
OSCouT 

VoH 

Vcc=3.0V 

2.4 

— 

— 

V 

Low-level Output Voltage 

VoL 

— 

— 

0.4 

V 

N-channel Open-drain 

Cutoff Current 

0P 

•off 

Vcc^Vp<8V 

— 

— 

1.1 

pA 

High-level Output Current 

Except 

Do and 
OSCouT 

lOH 


~1.0 

— 

— 

mA 

Low-level Output Current 

lOL 


1.0 

— 

— 

mA 

High-level Output Current 

Do 

Idohh 

MB1501H 

Vcc=3V 

Vp=12V, Ta=25°C 

-2.2 

-4.5 

— 

mA 

Idoh 

MB1501 

Vcc=3V 

Vp=6V, Ta=25°C 

-0.5 

-2.0 

— 

mA 

Idohl 

MB1501L 

-0.5 

-1.1 

-2.2 

mA 

Low-level Output Current 

Idolh 

MB1501H 

Vcc=3V 

Vp=12V, Ta=25°C 

2.2 

6.0 

— 

mA 

Idol 

MB1501 

Vcc=3V 

Vp=6V, Ta=25°C 

1.5 

6.0 

~ j 

mA 

Idoll 

MB1501L 

4.5 

12.0 

— 

mA 

Leakage Current 

Do. 0P 

Idoz i 

MB1501H 

Vcc=3V, Vp=12V 
Ta=25°C 

— 


1.0 

pA 

MB1501 

MB1501L 

Vcc=3V, Vp=9V 
Ta=25°C 


Note: *1 Vcc=3.0V,f|N=1.1GHz,fosc=‘> 2MHz crystal. 

Inputs are grounded except and outputs are open. 
*2 Input coupling capacitor lOOOpF Is connected. 
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Energy (En) - V^t 


MB1501 

MB1S01H 

MBISOIL 



\3 
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MB1501L 


INPUT SENSITIVITY 



1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

Input Frequency fin (GHz) 



Input Sensitivity vs. Input Frequency (Temperature Dependence) 



1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

Input Frequency fin (GHz) 
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MB1501L 


Lock up Time Measurement 



lur^ Controller 

12.8MHz (Divide 

ratio set’ 

Brig} 


Oscilloscope (lOMi^, lOpF) 


4kn 4kn 



Vcc=3V, Vp=8V 
fvco=Low unlock condition . 
fvco=High unlock condition . 


Step to Lock condition (533MHz) 
Step to Lock condition (518MHz) 


Phase Characteristics Measurement 


Vcc Vp 



Oscilloscope 
(lOMO, lOpF) 


Vcc=3V, Vp=3V 
Af=fr-fp 

Energy (En)=V2t 












MB1501 

MB1501H 

MB1501L 


TYPICAL APPLICATION EXAMPLE 



Ci, C 2 • Depends on crystal oscillator 
LE,FC: With internal pull up resistor 
0P : Open drain output 








PACKAGE DIMENSIONS 



©1991 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 



















4-50 


I 


DS04-21321-1aE 


DATA SHEET 


FUJITSU 


MB15A02 ASSP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


LOW POWER SERIAL INPUT PLL 
SYNTHESIZER WITH 1.1 GHZ PRESCALER 

The Fujitsu MB15A02, utilizing Bi'CMOS technology, is a single chip serial input 
PLL synthesizer with pulse-swallow function. 

The MB15A02 contains a 1.1 GHz two modulus prescaler that can select either a 
64/65 or 128/129 divide ratio, control signal generator, 16-bit shift register, 15-bit 
latch, programmable reference divider (binary 14-bit programmable reference 
counter), 1 -bit switch counter, phase comparator with phase reverse function, 
charge pump, crystal oscillator, 19-bit shift register, 18-bit latch, and programmable 
divider (binary 7-bit swallow counter and binary 11-bit programmable counter). 

It operates supply voltage of 5V typ. and achieves very low supply current of 7mA 
typ. realized through the use of F^ujltsu Advanced Process Technology. 

• High operating frequency: fiN max=1 . 1 GHz (Pin min=- 1 OdBm) 

• Pulse swallow function: 64/65 or 128/129 

• Low supply current: lcc=7mA typ. 

• Serial input 18-bit programmable divider consisting of: 

- Binary 7-bit swallow counter: 0 to 127 

- Binary 11-bit programmable counter: 16 to 2,047 

• Serial input 15-bit programmable reference divider consisting of: 

- Binary 14-bit programmable reference counter: 6 to 16,383 

- 1-bit switch counter (SW) sets divide ratio of prescaler 

• Two types of phase detector output 

- On-chip charge pump (Bipolar type) 

- Output for externa! charge pump 

• Wide operating temperature: ^0°C to -»-85°C 

• 16-pin Plastic SOP Package 

16-pin and 20 -pin Plastic SSOP Packages 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Rating 

Unit 

Remark 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 


Vp 

Vcc to 8.0 

V 


Output Voltage 

VOUT 

-0.5 to Vcc +0.5 

V 

0P pin 

Open-drain Voltage 

Voop 

-0.5 to 6.0 

V 


Output Current 

loUT 

±10 

mA 


Storage Temperature 

Tstg 

-55 to+125 

°C 



NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


PLASTIC PACKAGE 
FPT-16P-M05 


PLASTIC PACKAGE 
FPT-16P-M06 



PLASTIC PACKAGE 
FPT-20P-M03 


TNs davica contains circuitry to protact the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that rK>rmal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit 


Copyright © FUJITSU LIMITED and FUJITSUMICROELECTRONICS, INC. 
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MB15A02 


PIN ASSIGNMENT 



(FPT-16P-M06) 

(FPT-16P-M05) (FPT-20P-M03) 





MB1SA02 


BLOCK DIAGRAM 


OSCiN 


Q 


CRYSTAL 

OSCILLATOR: 


OSCoutI 


GNDl 


& 

o 

© 


LE©- 


Data 


Clock 




CONTROL 

1-BIT 

LATCH 




PRESCALERk 


PROGRAMMABLE REFERENCE 
DIVIDER 


I 

+ 


BINARY 14-BlT 
REFERENCE COUNTER 






15-BlT LATCH 


15-BIT LATCH 


I 19-BIT SHIFT REGISTER | 
-]> j 19-BlT SHIFT REGISTER^ j 

TnrnMnM 


T 


I 


7-BIT LATCH 1111-BIT LATCH! 




BINARY 7~BIT 

BINARY 11-BIT 

SWALLOW 

PROGRAMMABLE 

COUNTER 

COUNTER 



CONTROL CIRCUIT I 



Note : Pin numbers are based on SOP/SSOP 16-^in packages. 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

SOP-16P 

SSOP-16P 

SSOP-20P 

1 

2 

1 

3 

OSCiN 

OSCouT 

1 

0 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSCin and OSCout. 

3 

4 

Vp 


Power supply pin for charge pump. When the internal charge pump is not 
used, Vp pin needs to be connected to Vcc- 

4 

5 

Vcc 

- 

Power supply pin. 

5 

6 

Do 

0 

Charge pump output. 

6 

7 

GND 

- 

Ground. 

7 

8 

LD 

0 

Phase comparator output. 

Normally this pin outputs high level. When there is a phase error between fr 
and fp, LD becomes low for the period corresponding to the error. 

8 

10 

fiN 

1 

Prescaler input. 

The connection with an external VCO should be AC connection. 

9 

11 

Clock 

1 

Clock input for 19-bit shift register and 16-blt shift register. 

On rising edge of the clock shifts one bit of data into shift register. 

10 

13 

Data 

1 

Binary serial data input. 

The last bit of data is a control bit. When this bit is high level, the data stored 

In shift register is transferred to 15-bit latch. When this bit is low level and LE 
is high level, the data is transferred to 18-bit latch. 

11 

14 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high, the data stored in shift register is transferred into latch ac¬ 
cording to the control bit. 

12 

15 

FC 

1 

Phse select input of phase comparator (with internal pull up resistor). 

When FC Is low level, the characteristics of phase comparator is reversed. 

FC input signal is also used to select fout pin (test pin) output, fr or fp. 

13 

2,9,12,16,19 

NC 

- 

No connection 

14 

17 

four 

0 

Minitor pin of phase comparator input. 

fout pin outputs either programmable reference divider output (fr) or pro¬ 
grammable divider output (fp) according to FC pin input level. 

FC-H: It is the same as fr output level. 

FC=L: It is the same as fp output level. 

15 

18 

0p 

0 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin Is N-channel open drain output. 

16 

20 

0R 

0 

Outputs for external charge pump. 

0R pin is CMOS output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 1 S-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift register and when load enable pin is high level or open, stored 
data is transferred into latch according to the control bit. 

Control data "H” data is transferred into 15-blt latch. 

Control data ”L” data is transferred into 18-bit latch. 


4 


PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit programmable reference counter. Serial 16-bit 
data format is shown below. 



[< Divide ratio of programmable reference counter setting bit - 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 



NOTES: Divide ratio less than 6 is prohibited. 

Divide ratio; 6 to 16,383 

SW:This bit selects divide ratio of prescaler. 

SW=H : 64/65 
SW=L : 128/129 

SI to SI 4: These bits select divide ratio of programmable reference divider. 
C; Control bit (sets at high level). 

Start data input with MSB first. 


PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 

Serial 19-bit data format is shown following page. 
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Control bit 
LSB 


Direction of data shift - 


MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 




Divide ratio of swallow 
counter 
setting bit 


Divide ratio of programmable 
counter 
setting bit 


7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

A 

S 

7 

5 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio: 0 to 127 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

S 

S 

s 

s 

s 

s 

s 

s 

s 

s 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

m 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2,047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 127) 
S8 to S18: Programmable counter divide ratio setting bit. 

C: Control bit (sets at low level). 

Data input with MSB first. 


PULSE SWALLOW FUNCTION 

fvco= [(PxN)+A] xfosc+R 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11-bit programmable counter (16 to 2,047) 

A: Preset divide ratio of binary 7-bit swallow counter (0^<127, A<N) 
fosc: Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (6 to 16,383) 
P: Preset modulus of external dual modulus prescaler (64 or 128) 
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Serial data input timing 

• ti (> 100ns): Data setup time t 2 (> 1000ns): Data hold time ta 300ns): Clock pulse width 

t 4 (> 100ns): LE setup time to the rising edge of last clock ts (> 800ns): LE pulse width 



/ S17 sioN 

/ S9 LSbX ^ 


(SW)(.1) 
Clock Ij 

(S14) (S8) 

JL..^ 

(S7) (SI) (C: Control bit) 


LE 


1 1 1 
ii ; n 

a 

‘1-^ 

|“4*“ — 

1 « 1 , t 

' • t III 



ts-iV-j- 

^1 : Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected. 
Note: One bit of data is shifted into the shift register on the rising edge of the clock. 


PHASE CHARACTERISTICS 


FC pin is provided to change phase characteristics of phase 
comparator. Characteristics of internal charge pump output level (Do), 
phase comparator output level (0R, 0P) are reversed depending 
upon FC pin input level. Also, monitor pin (fout) output level of phase 
comparator is controlled by FC pin input level. The relation between 
outputs (Do, 0R, 0P) and FC input level are shown below. 



FC=H or open 

FC=L 

DO 

0R 

0P 

fout 

DO 

0R 

0P 

fout 

fi>fp 

H 

L 

L 

(fr) 

L 

H 

Z 

(fp) 

fr<fp 

L 

H 

Z 

(fr) 

H 

L 

L 

(fp) 

fr=fp 

Z 

L 

z 

(fr) 

Z 

L 

Z 

(fp) 


VCO CHARACTERISTICS 



Note: Z=(High impedance) 


Depending upon VCO characteristics. FC pin should be set accordingly: 
When VCO characteristics are like 0, FC should be set High or open circuit; 
When VCO characteristics are like®, FC should be set Low. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Value 

Unit 

Condition 

Min 

lyp 

Max 

Power Supply Current 

•cc 

- 

7.0 

- 

mA 

**1 

Operating Frequency 

fin 

fin 

10 

- 

1100 

MHz 

*2 

OSCiN 

bsc 

- 

12 

20 

MHz 


Input Sensitivity 

fin 

Pfin 

-10 

- 

6 

dBm 

50Q system 

OSCiN 

Vosc 

0.5 

- 

- 

Vpp 


High-level Input Voltage 

Clock, 

Data, LE 

V|H 

VccxO.7 

- 

- 

V 


Low-level Input Voltage 

V|t 

- 

- 

VccxO.3 

V 


High-level Input Current 

Data 

Clock 

i|H 

- 

- 

1.0 

pA 


Low-level Input Current 

i|L 

- 

- 

-1.0 

pA 


Input Current 

OSCiN 

bsc 

- 

±50 

- 

pA 


LE. FC 

Ile 

- 

-60 

- 

pA 


High-level Output Voltage 

0R,LD 

Vqh 

4.4 

- 

- 

V 

Vcc=5V, 
loH = -1.0mA 

Low-level Output Voltage 

0R, 0P, LD 

VoL 

- 

- 

0.4 

V 

Vcc=5V. 
loL = 1.0mA 

High impedance 

Cutoff Current 

Do,0P 

■off 


- 

1.1 

pA 

Vp=Vcc to 6V 
Voop=GND to 6V 

Output Current 

0R. LD 

•oh 

-1.0 

- 

- 

mA 

Vcc=5V 

0R. 0P, LD 

>OL 

- 

— 

1.0 

mA 

Vcc=5V 


*1: fin=1.1GHz, 0 SCin=12MH2, Vcc= 5V. In locked state. 

*2: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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TEST CIRCUIT 

(FOR MEASURING INPUT SENSITIVITY fin/OSCin) 



Note : Pin numbers are based on SOP/SSOP 16-pin packages. 
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TYPICAL APPL CATION EXAMPLE 



Charge Pump 
Selection 
(Internal or 
external) 


1 2 3 4 5 6 7 8 

JoSCjn I oSCoutIVp Tvcc Tdo IGND ILD T 


FROM 

CONTROLLER 


[ 0R [0P [fouT |nC [fC I LE [Data [Clock S 47k S 47k 
16 15 14 13 12 11 10 9 17^ 7^ 


MB15A02 (SOP/SSOP 16~pin) 


Cl _C2 


^ I 


:o.i^“ o.1^ 


3; i; 


LOCK DET. 


Vpx : 6V max. 

Vp : When internal charge pump is not used, Vp pin needs to be connected to Vcc. 
Cl, C2: Depends on crystal oscillator 
LE,FC : With internal pull up resistor 
0P : Open drain output 

0R : CMOS output 
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ORDERING INFORMATION 


Part Number 

Package 

MB15A02PF 

Plastic SOP, 16-pin 

FTP-16P-M06 

MB15A02PFV1 

Plastic SSOP, 16-pin 

FTP-16P-M05 

MB15A02PFV2 

Plastic SSOP, 20-pin 

FTP-20P-M03 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M05) 



*:Thls dimension does not include resin protruction. 
©1991 FUJITSU LIMITED FI 6013S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 
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PACKAGE DIMENSIONS (Continued) 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M03) 


♦.256±.004 


.025e±.0047 


(0.65±0.12) 


Ml 

6.50±0.10) 

IMl 

IM 

INDEX 

(/ 

ITT 

IT 

TTMT. 

•°09Xo02 

/ 

-\ 

nnnrnrinn!? 

.230(5.85) 


.2521.008 

(6.4Q±0.20) 


♦.173±.004 

(4.40d:0.10) 


.049 


+.008 

-.004 




(MOUNTING HEIGHT) 




CJ .004(0.10) 


.213(5.40) NOM 




.006 


+.002 ic+0.05 


.001 


(0.15; 


- 0.02 


REF 

*:This dimension does not include resin protruction. 

©1991 FUJITSU LIMITED F20012S-2C 




All Rights Reserved. 

Circuit diagrams utilizing Fujitsu products are included as a means of illustrating typical 
semiconductor applications. Complete Information sufficient for construction purposes 
is not necessarily given. 

The Information contained in this document has been carefully checked and is believed 
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Edition 5.0b 


FUJITSU 


DATA SHEET 


MB1502/MB1502H 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


LOW POWER SERIAL INPUT PLL SYNTHESIZER 
WITH 1.1 GHz PRESCALER 

The Fujitsu MB1502/MB1502H, utilizing Bi-CMOS technology, are single chip serial 
input PLL synthesizers with pulse-swallow function. Each MB1502/MB1502H 
contains a 1.1 GHz two modulus prescaler that can select of either 64/65 or 128/129 
divide ratio, control signal generator, 16-bit shift register, 15-bit latch, programmable 
reference divider (binary 14-bit programmable reference counter), 1-bit switch 
counter, phase comparator with phase conversion function, charge pump, crystal 
oscillator, 19-bit shift register, 18-bit latch, programmable divider (binary 7-bit 
swallow counter and binary 11-bit programmable counter) and analog switch to 
speed up lock up time. 

They operate at a supply voltage of 5V typ. and achieves a very low supply current of 
8mA typ. realized through the use of Fujitsu Advanced Process Technology. 


FEATURES 

• High operating frequency: f|N max= 1 -1 GHz (Pin min= 1 OdBm) 

• Pulse swallow function: 64/65 or 128/129 

• Low supply current: lcc=8niA typ. 

• Serial input 18-bit programmable divider consisting of: 

— Binary 7-blt swallow counter: 0 to 127 

— Binary 11-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 

— Binary 14-bit programmable reference counter: 8 to 16383 

— 1-bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2 types of phase detector output 

— On-chip charge pump (Bipolar type) 

— Output for external charge pump 

• Wide operating temperature: -40‘’C to +85°C 

• 16-pin Plastic DIP Package (Suffix: —P) 

16-pin Plastic Flat Package (Suffix: ~PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

—0.5 to +7.0 

V 

Vp 

Vqq to 10.0 

V 

Output Voltage 

VOUT 

—0.5 to Vcc +0.5 

V 

Open-drain Voltage 

Voop 

-0.5 to 0.8 

V 

Output Current 

loUT 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

X 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceed- 

ed.Functional operation should be restricted to the conditions as detailed in the operational 
sections of this datasheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



Plastic Package 
DIP-16P-M04 



Plastic Package 
FPT-16P-M06 


Pin Assignment 

OSCIN Q 


H 0R 

OSCqut 


jl 0P 

Vp [3 


3 foUT 

n 

S 


H BiSW 

Do d 

(TOP VIEW) 

H FC 

GND [6 


13 LE 

LD Cf 


Tc| Data 

fiN [1 


j] Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fieids. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higherthEm maximum rated voltages 
to this high impedance circuit. 


Coypright © 1995 by FUJITSU LIMITED and FUJITSUMICROELECTRONICS, INC. 
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MB1502/MB1502H Block Diagram 








MB1502 

MB1502H 


PIN DESCRIPTION 


Pin 

No. 

Pin 

Name 

I/O 

Description 

1 

2 

OSCjN 

OSCqut 

1 

0 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSCin and OSCout- 

3 

Vp 

- 

Power supply input for charge pump and analog switch. 

4 

Vcc 

— 

Power supply voltage input. 

5 

Do 

o 

Charge pump output. 

The characteristics of charge pump is reversed depending upon FC input. 

6 

GND 

— 

Ground 

7 

LD 

0 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference of fr, and fp exists, this 
pin outputs low level. 

8 

f|N 

• 

Prescaler Input. 

The connection with an external VCO should be AC connection. 

9 

Clock 

1 

Clock input for 19-blt shift register and 16*bit shift register. 

On rising edge of the clock shifts one bit of data into the shift registers. 

10 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit is high level and LE is high level, the data stored in shift register is transferred to 15-bit latch. 
When this bit is low level and LE is high level, the data Is transferred to 18-bit latch. 

11 

LE 

' 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored In shift register is transferred into latch depending upon the control 
bit. At the time, internal charge pump output to be connected to BISW pin because internal analog switch 
becomes ON state. 

12 

FC 

1 

Phase select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is reversed. 

FC input signal is also used to control fOUT pin (test pin) output level for fr or fp. 

13 

BISW 

o 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE pin is high level), this 
pin ou4)uts internal charge pump state. 

14 

^OUT 

0 

Monitor pin of phase comparator input. 

four pin outputs either programmable reference divider output (fr) or programmable divider output (fp) 
depending upon FC pin input level. 

15 

16 

0P 

0R 

0 

0 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, stored 
data is transferred into latch depending upon the control bit. 

Control data “H" data Is transferred into 15-bit latch. 

Control data “L" data is transferred into 18-bit latch. 


PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-blt reference counter. Serial 16-bit data format is 
shown below. 


Nk 




Control bit 
LSB 


Divide ratio of prescaler setting bit 
MSB 




Nk 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W 


<- Divide ratio of programmable reference counter setting bit --^ 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

14 

s 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

S 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW: This bit selects divide ratio of prescaler. 

SW=H: 64 
SWs:L:128 

SI to SI4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data is input from MSB side. 


PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown on following page. 
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Control bit 


i I - 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 


S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

0 

1 , 
1 

1 

2 

1 

3 

1 

1 4 

1.. 

1 

5 

1 

6 

1 

7 

1 

8 




Divide ratio of swallow 
counter setting bit 



Divide ratio of programmable 
counter setting bit 



7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

A 

s 

7 

s 

6 

s 

5 

s 

4 

s 

3 

S 

2 

S 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 



NOTE: Divide ratio: 0 to 127 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

1 

8 

s 

1 

7 

s 

1 

6 

s 

1 

5 

s 

1 

4 

S 

1 

3 

s 

1 

2 

S 

1 

1 

s 

1 

0 

s 

9 

s 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 127) 

S8 to SI 8: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 

fyco “ [(PxN)+A] X fosc ^ 

fvco^ Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N) 

fosc: Output frequency of the external reference frequency oscillator 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 

P: Preset modulus of external dual modulus prescaler (64 or 128) 
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Serial Data Input Timing 



NOTES; Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of dock shifts one bit of data in the shirt register. 


PHASE CHARACTERISTICS 

FC pin is provided to change phase characteristics of phase comparator. Characteristics of internal charge pump output level (Dq), 
phase comparator output level ( 0 R, 0 P) are reversed depending upon FC pin input level. Also, monitor pin (foui) output level of phase 
comparator is controlled by FC pin input level. The relation between outputs (Dq, 0R, 0P) and FC input level are shown below. 



FC=H or open 

FC=L 


Do 

0R 

0P 

fou 

T 

Do 

0R 

0P 

fou 

T 

fr > tp 

H 

L 

L 

dr) 

L 

H 

Z 

dp) 

fr < Ip 

L 

H 

Z 

dr) 

H 

L 

L 

dp) 

fr = Ip 

Z 

L 

Z 

dr) 

Z 

L 

Z 

dp) 


Note: Z s (High impedance) 



VCO CHARACTERISTICS 
Depending upon VCO characteristics, 
FC pin should be set accordingly: 

— When VCO characteristics are Iike1, 
FC should be set High or open circuit; 

— When VCO characteristics are like 2, 
FC should be set Low. 
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fr M n 






U I 

u u 

n_T" 

IT. L 

-' !—.T Z 

Do ; I 

1 1 

■■■'ih.ij"' 



NOTES: Phase difference detection range: -2n to +27t 

Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When if > fp or If < ip, spike might not appear depending upon charge pump characteristics. 


ANALOG SWITCH 

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Dq) to be 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE=H (Changing the divide ratio of internal prescaler): Analog switch=ON 
LE=L (Normal operating mode): Analog switch=OFF 

LPF time constant is decreased in order to insert a analog switch between LPF1 and LPF2 when channel of PLL is changing. 

Thus, lock up time is decreased, that is, fast lock up time is achieved. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

lyp 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

Vp 

8.0 

V 

Input Voltage 

Vi 

GND 


Vcc 

V 

Operating Temperature 

Ta 

1 -40 


85 

"C 
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ELECTRICAL CHARACTERISTICS 


(Vccs4.5 to 5.5V, Ta=- 40 to ■«-85<’C, unless otherwise noted.) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

lyp 

Max 

Power Supply Current 

Ice 

Note 1 


8.0 

12.0 

mA 

Operating Frequency 

^in 

^in 

Note2 

10 


1100 

MHz 

OSC|N 

fosc 



12 

20 

MHz 

Input Sensitivity 

^in 

Pfin 


-10 


6 

dBm 

OSCiN 

Vosc 


0.5 



Vpp 

High-level Input Voltage 

Except f|n 
and OSC|M 

V|H 


VccxO.7 



V 

Low-level Input Voltage 

VlL 




VccxO.3 

V 

High-level Input Current 

Data 

Clock 

l|H 



1.0 


liA 

Low-level Input Current 

l|L 



-1.0 


liA 

Input Current 

OSCiN 

lose 



±50 


fiA 

LE, FC 

Ile 



-60 


HA 

High-level Output Voltage 

Except Do 
and 

OSCoUT 

VOH 1 

Vcc*5V 

4.4 



V 

Low-level Output Voltage 

VoL 




0.4 

V 

N-channel Open Drain Cutoff 
Current 

Do,0P 

1 

loFF 

Vp = Vccto8V 
Voop=GNDto8V 



1.1 

pA 

Output Current 

Except Do 
and 

OSCoUT 

loH ' 


-1.0 



mA 

•OL 


1.0 



mA 

High-level Output Current 

Do 

Do 

_ 

Iddh 

MB1502 

Vcc=5V. 

Vp=8V, 

Ta=25»c 

-0.8 

-1.5 


mA 

Low-level Output Current 

Idol 

11 

22 


mA 

High-level Output Current 

Idolh 


-1.4 

-2.4 


mA 

Low-level Output Current 

■dolh 

MB1502H 

4.5 

10 


mA 

Analog Switch On Resistor 

Ron 



1 

25 


Q 


NOTE: 1: f in = 1 • i GHz, OSCjn=12MHz, Vcc= 5V. Inputs are grounded and outputs are open. 

2: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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TYPICAL CHARACTERISTICS CURVES 

INPUT SENSITIVITY CHARACTERISTICS 
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INPUT IMPEDANCE CHARACTERISTICS 
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TYPICAL APPLICATION EXAMPLE 




Charge Pump Selection 
(Internal or external) 


FROM 

CONTROLLER 


I 0R I 0P I fp I ff I FC I LE I Data | Clock ^ 47kfl ^ 47kO 

16 15 14 13 12 11 10 9 /7T /7T 

MB1502 

1 2 3 4 5 6 7 8 


lOOOpF Vcc(5 V) 

^ lOOkO 



OSCouT 

Vp 

Vcc 

Do 

GND 

HUH 

X'tal 




/7 

7 



6V 

5V 

“1“ 



r ci ^ C 2 

LJ , 

s 




LOCK DET 


vp. Vpx : 8V max 

Ci, C 2 : Depends on crystal oscillator 
LE, FC : With internal pull up resistor 
0P : Open drain output 


'8 
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PACKAGE DIMENSIONS 


16-Lead Plastic Dual In-Line Package 
(Case No.: DIP-16P-M04) 


lNDEX-1 


INDEX-2 LJ 


. 770 ! “^ ( 19 , 55 !° “) 


.012V'^-^^_0.30 



.039 


+.012 


(0.99 


+0.30. 




.244±.010 

(6.2Q±0.25) 


.060 


-.012 


( 1 ^ 52 ^. 30 ) 


IS'^MAX 




©1991 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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16~Lead Plastic Flat Package 
(Case No.: FPT-16P-M06) 



Dimensions in 

©1991 FUJITSU LIMITED F16015S-2C inches (millimeters) 
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FUJITSU 


= MB15B03= -- Product Profile Sheet 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


On-chip 1.1GHz S 300MHz PRESCALER 


The Fujitsu MB15B03 is a serial input Phase Locked Loop (PLL) frequency 
synthesizer with a 1.1 GHz and a 300MHz prescalers. A 64/65 or a 128/129 for 
the 1.1 GHz prescaler, and a 16/17 or a 32/33 for 300MHz prescaler can be selected 
that enables pulse swallow operation. 

Furthermore, a super charger circuit is included to provide a fast tuning as well as low 
noise performance. As a result of this. MB 15603 is ideally suitable for digital mobile 
communications, such as GSM. 

FEATURES 

• High frequency operation RF synthesizer : 1.1GHz max. 

IF synthesizer : 300MHz max. 

• Low power supply voltage: Vcc « 2.7 to 3.6V 

• Very Low power supply current: Icc = 10 mA typ. (Vcc = 3V) 

• Power saving function : ipst = Ipss = 100 pA typ. (Vcc = 3V) 

• Serial input 14-bit programmable reference counter: R = 6 to 16.383 

• Serial input 18-bit programmable divider consisting of: 

- Binary 7-bit swallow counter: 0 to 127 

- Binary 11-bit programmable counter: 5 to 2,047 

• On-chip high performance charge pump circuit and phase 
comparator, achieving high-speed lock-up and low phase noise 

• Wide operating temperature: T* = -40 to 85®C 

• Plastic 16-pin SSOP package (FPT-16P-M05) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


. Baling 

Symbol 

Remark 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to 5.0 

V 

Output Voltage 

Vo 


-0.5 to Vcc +0.5 

V 

Output Current 

io 


±10 

mA 

Storage Temperature 

Tstg 


-55 to+125 




FPT-16P-M05 


PIN ASSIGNMENT 


GNDrf nz 

1 16 

1 Clock 

OSCin [Z 

2 15 

d Data 

GNDif d 

3 14 

□ LE 

finiF 

4 TOP 13 
VIEW 

ZH finRF 

VcciF d 

5 12 

d VCCRF 

LD/fout d 

6 11 

1 XfinRF 

PSiF d 

7 10 

d PSrf 

Doif d 

8 9 

d Dorf 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 




MB15B03 


BLOCK DIAGRAM 
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PIN DESCRIPTIONS 



Pin Name 

I/O 

■ ■ '■;; :Descrlptlohs'-'V. 

1 

GNDrf 


Ground for RF-PLL section. 

2 

OSCin 

■ 

The programmable reference divider input. TCXO should be connected with a coupling 
capacitor. 

3 

GND,f 

- 

Ground for the IF section. 

■ 

finr 

■ 

Prescaler input pin for the IF-PLL. 

The connection with VCO should be AC coupling. 

5 

Vccr 

- 

Power supply voltage input pin for the IF*PLL section. 

When power is OFF, latched data of the IF-PLL is cancelled. 

6 

LD/fout 

o 

Lock detect signal output (LD) / phase comparator monitoring output (fout) 

The output signal is selected by a LDS bit in a serial data. 

LDS bit * "H"; outputs fout signal 

LDS bit» "L"; outputs LD signal 

■ 

PS» 

■ 

Power saving mode control for the IF-PLL section. This pin must be set at "L" at 

Power-ON. (Open is prohibited.) 

PSiF = "H”; Normal mode 

PS*F = "L”: Power saving mode 

8 

DOif 

0 

Charge pump output for the IF-PLL section. 

Phase characteristics of the phase comparator can be reversed by the FC-bit. 

9 

DOrf 

0 

Charge pump output for the RF-PLL section. 

Phase characteristics of the phase comparator can be reversed by the FC-bit. 

10 

PSrf 

■ 

Power saving mode control for the RF-PLL section. This pin must be set at V at 

Power-ON. (Open is prohibited.) 

PSrf s “H” : Normal mode 

PSrf s ”L” ; Power saving mode 

11 

XffDRF 

1 

Prescaler complimentary input for the RF-PLL section. 

This pin should be grounded via a capacitor. 

12 

VcCrf 

- 

Power supply voltage input pin for the RF-PLL section, the shift register and the oscillator 
input buffer. When power is OFF, latched data of RF-PLL is cancelled. 

13 

fiORF 

1 

Prescaler input pin for the RF-PLL. 

The connection with VCO should be AC coupling. 

14 

LE 

1 

Load enable signal input (with the schmitt trigger circuit.) 

When LE is "H", data in the shift register is transferred to the corresponding latch 
according to the control bit in a serial data. 

15 

Data 

1 

Serial data input (with the schmitt trigger circuit.) 

A data is transferred to the corresponding latch (IF-ref counter, IF-Prog. counter, RF-ref. 
counter, RF-prog. counter) according to the control bit in a serial data. 

16 

Clock 

1 

Clock input for the 23-bit shift register (with the schmitt trigger circuit.) 

One bit data is shifted into the shift register on a riging edge of the clock. 
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FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 
fvco . {(P X N) + A} X lose + R (A < N) 

fvco: Output frequency of external voltage controlled ocillator (VCO) 

P: Preset divide ratio of dual modulus prescaler (16 or 32 for IF-PLL, 64 or 128 for RF-PLL) 

N: Preset divide ratio of binary 11-bit programmable counter (5 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0< A < 127) 

fosc: Reference oscillation frequency 

R: Preset divide ratio of binary 14-bit programmable reference counter (6 to 16,383) 

SERIAL DATA INPUT 

Serial data is entered using three pins, Data pin, Clock pin, and LE pin. Programmable dividers of IF/RF-PLL sections, 
programmable reference dividers of IF/RF PLL sections are controlled individually. 

Serial data of binary data is entered through Data pin. 

On rising edge of clock, one bit of serial data is transferred into the shift register. When load enable signal is high, the data 
stored in the shift register is transferred to one of latch of them depending upon the control bit data setting. 


Tablel. CONTROL BIT 


1 Control bits 

Destination of serial data 

CN1 

CN2 

L 

L 

The programmable reference counter for the IF-PLL. 

H 

L 

The programmable reference counter for the RF*PLL. 

L 

H 

The programmable counter and the swallow counter for the IF-PLL 

H 

H 

The programmable counter and the swallow counter for the RF-PLL 


SHIFT REGISTER CONFIGURATION 


Programmable Reference Counter 


LSB Data Flow—► 

J_ i 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

C 

C 

T 

T 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

N 

N 

1 

2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 

2 


















CNT1.2 .'Control bit [Table. 1] 

R1 to R14 : Divide ratio setting bits for the programmable reference counter (6 to 16,383) [Table. 2] 

Tl, 2 : Test purpose bit [Table. 3] 


4-84 






MB15B03 


FUNCTIONAL DESCRIPTIONS 


Programmable Counter 

LSB Data Ftow—► 


1 


B 

B 

B 

B 

5 

6 

B 

8 

9 

B 

11 

B 

13 

B 

B 

Z 

B 

B 

B 

20 

21 

22 

Qj 

D 

C 

L 

S 

F 

o 

A 
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CN1,2 : Control bit [Table. 1] 

N1 to N11 : Divide ratio setting bits for the programmable counter (5 to 2047) [Table. 4] 

A1 to A7 : Divide ratio setting bits for the swallow counter (0 to 127) [Table. 5] 

SW : Divide ratio setting bit for the prescaler [Table. 6] 

(16/17 or 32/33 for the IF-PLL, 64/65 or 128/129 for the RF-PLL) 

FC : Phase control bit for the phase detector [Table. 7] 

LDS : LD/fout signal select bit [Table. 8] 



Table2. BINARY 14-BIT PROGRAMMABLE REFERENCE COUNTER DATA SETTING 
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Note; • Divide ratio less than 6 is prohibited. 


Table.3 TEST PURPOSE BIT SETTING 


T 

1 

T- 

2 

LD/fout pin state 

L 

L 

Outputs friF. 

H 

L 

Outputs froF. 

L 

H 

Outputs fpiF. 

H 

H 

Outputs fpqF. 
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Table.4 BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 
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Note:* Divide ratio less than 5 is prohibited. 


Table.5 BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

IN) _ 

n 

A 
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B 
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B 
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Note:* Divide ratio (A) range « 0 to 127 


Table. 6 PRESCALER DATA SETTING 


1 

SW r 

IWHWi 

Prescaler 

Divide 

ratio 

IF-PLL 

16/17 

32/33 

RF-PLL 

64/65 

128/129 
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Table. 7 PHASE COMPARATOR PHASE SWITCHING DATA SETTING 



LOS 

LD/fout output signal 

H 

fout (friF/pp. fpiF«F) signals 

L 

LD signal 


SERIAL DATA INPUT TIMING 


Data 


N11(MSB) 




CN1(LSB) 


Ji_ni_nj-TL.ji_ n n 


O LE 


Ill 


t2 


t5- 


•t3- 


t6- 


t4 


t8- 


On rising edge of the clock, one bit of the data is transferred into the shift register. 



Parameter 

Min. 

Typ. 

Max. 

Unit 


Parameter 

Min. 

Typ. 

Max. 

Unit 


tl 

30 

- 


ns 


t5 

100 

- 

- 

ns 


t2 

30 

- 

- 

ns 


t6 

100 


- 

ns 


t3 

30 

- 

- 

ns 


t7 

200 

- 

- 

ns 


t4 

30 

- 

- 

ns 


t8 

200 

- 

- 

ns 
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PHASE DETECTOR OUTPUT WAVEFORM 



LD 

(FC bit * High) 


r 


OOtf/RF 


.'r -Lf-..\.■'i.V 


(FC bit * Low) 

DOlF/tV 


■V—. 


\..V- 


LD OUTPUT LOGIC TABLE 


IF-PLL section 

RF-PLL section 

LD output 

Locking state / Power saving state 

Locking state / Power saving state 

H 

Locking state / Power saving state 

Unlocking state 

L 

Unlocking state 

Locking state / Power saving state 

L 

Unlocking state 

Unlocking state 

L 


Note: • Phase error detection range « -2 h to +2it 

• Pulses on Do.f/rf signals are output to prevent dead zone. 

• LD output becomes tow when phase error is twu or more, 

• LD output becomes high when phase error is W or less and continues to be so for three cycles or more. 

• twu and twL depend on OSCin input frequency as follows, 
twu i 8/fosc: i.e. twu > 625ns when foscin = 12.8 MHz 
twL ^ 16/fosc: i.e. twL £ 1250ns when foscin « 12.8 MHz 
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POWER SAVING MODE (INTERMITTENT MODE CONTROL CIRCUIT) 

Setting a PSiwn pin to Low, IF-PLL(RF"PLL) enters into power saving mode resultatly current sonsumption can be limited to 
lOOpA (typ.). Setting PS pin to High, power saving mode is released so that the device works normally. 

In addition, the intermittent operation control circuit is included which helps smooth start up from stand by mode. In general, 
the power consumption can be saved by the intermittent operation that powering down or waking up the synthesizer. Such 
case, if the PLL is f^wered up uncontrolled, the resulting phase comparator output signal is unpredictable due to an unde¬ 
fined phase relation between reference frequency (fr) and comparison frequency (fp) and may in the worst case take longer 
time for lock up of the loop. 

To prevent this, the intermittent operation control circuit enforces a limited error signal output of the phase detector during 
power up, thus keeping the loop locked. 

PS pin must be set f at Power-ON, 

During the power saving mode, the corresponding section except for indispensable circuit for the power saving function 
stops working, then current consumption is reduced to lOOjiA per one PLL section. 

At that time, the Do and LD become the same state as when a loop is locking. That is, the Do becomes high impedance. 

A VCO control voltage is naturally kept at the locking voltage which defined by a LPF"s time constant. As a result of this, 
VCO’s frequency Is kept at the locking frequency. 



PSnf 

IF-PLL counters 

RF-PLL counters 

OSC Input buffer 

L 

L 

OFF 

OFF 

OFF 

H 

L 

ON 

OFF 

ON 

L 

H 

OFF 

ON 

ON 

H 

H 

ON 

ON 

ON 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

27 

3.0 

3.6 

V 

VcCiF » VcCrf 

Input Voltage 

Vi 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-40 

- 

+85 

‘‘C 



HANDLING PRECAUTIONS 


• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 


ELECTRICAL CHARACTERISTICS 



Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current *1 

ICOf 

fin,F= 300MHz, 
fosc = 12MHz 

- 

3.5 

- 

mA 

ICCrf 

finRF = 1100MHz, 
fosc = 12MHz 

- 

6.5 

- 

Power Saving Current *2 

IpSiF 

VcCiF current at PSif »"L" 

- 

100 

- 

pA 

IpSRF 

Vccrf current at PSif/rf="L” 

- 

100 

- 

Operating Frequency 

finiF 

finiF 

IF-PLL 

50 

- 

300 

MHz 

finRF 

finRF 

RF-PLL 

100 

- 

1100 

OSCin 

fosc 

min. 500mVp-p 

- 

1 12.8 

23 

Input Sensitivity 

finiF 

PfiniF 

IF-PLL. 50Q termination 
(Refer to the test circuit.) 

-10 

- 

+2 

dBm 

finRF 

PfinRF 

RF-PLL, 50Q termination 
(Refer to the test circuit.) 

-10 


+2 

dBm 

OSCin 

Vosc 


500 

- 

- 

mVp'p 


*1: Conditions ; Vccif/«f« SV, Ta « 25®C, in locking state. 

*2: Conditions ; VcCiF/RF= 3V. Ta = 25®C, in power saving state. 


4-90 










ELECTRICAL CHARACTERISTICS 
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TEST CIRCUIT (PRESCALER INPUT / PROGRAMMA¬ 
BLE REFERENCE DIVIDER INPUT SENSITIVITY TEST) 










APPLICATION EXAMPLE 



Note: Clock, Data. LE . involves a schmitt circuit 

(When inputs are open, pull up/down resistor is necessary to prevent self-oscillation.) 





^‘ 002 , /Q < c +0.05 * 



Details of *A* part 

(STANDOFF 
(0.10±0.10) HEIGHT) 


.020±008 


(0.50±0.20) 


Dimensions in 
inches (miHimeters) 
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FUJITSU 


E MB15F03 


Product Profile Sheet 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


On-chip 2.0GHz & 500MHz PRESCALER 


The Fujitsu MB15F03 is a serial input Phase Locked Loop (PLL) frequency 
synthesizer with a 2.OGH2 and a 500MHz prescalers. A 64/65 or a 128/129 for 
the 2.0GHz prescaler, and a 16/17or a 32/33 forSOOMHz prescaler can be selected 
that enables pulse swallow operation. 

The latest BiCMOS process technology is used, resulting in a low supply current 
of 9.0mA typ. at a supply voltage of 3.0V. 

Furthermore, a super charger circuit is included to provide a fast tuning as well as low 
noise performance. As a result of this, MB15F03 is ideally suitable for digital mobile 
communications, such as PHS (Personal Handy System), PCN (Personal Commu¬ 
nication Network) and PCS (Personal Communication Service). 

FEATURES 

• High frequency operation RF synthesizer : 2.OGH2 max. 

IF synthesizer : 500MHz max. 

• Low power supply voltage: Vcc = 2.7 to 3.6V 

• Very Low power supply current: Ice = 9 0 tiA typ. (Vcc = 3V) 

• Power saving function : lpsi = Ips2 - 10 ^lA max. (Vcc = 3V) 

• Serial input 14-blt programmable reference divider: R = 5 to 16,383 

• Serial input 18-bit programmable divider consisting of: 

- Binary 7-bit swallow counter: 0 to 127 

- Binary 11-bit programmable counter: 5 to 2,047 

• On-chip high performance charge pump circuit and phase 
comparator, achieving high-speed lock-up and low phase noise 

• Wide operating temperature: Ta = -40 to 85“C 

• Plastic 16-pin SSOP package (FPT-16P-M05) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Remark 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to 4.0 

V 

Input Voltage 

Vi 


-0.5 to Vcc +0.5 


Output Voltage 

Vo 


-0.5 to Vcc +0-5 

V 

Storage Temperature 

Tstg 


-55 to +125 

B 



FPT-16P-M05 


PIN ASSIGNMENT 


GNDrf CZ 

1 

16 

1 Clock 

OSCin 

2 

15 

ZU Data 

GNDif d 

3 

14 

□ LE 

finiF 

4 TOP 13 
VIEW 

d finRF 

VCCIF ^ 

5 

12 

1 VCCRF 

LD/fout 

6 

11 

1 XfinRF 

PSlF d 

7 

10 

□ PSrf 

Doif d 

8 

9 

d DORf" 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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BLOCK DIAGRAM 
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PIN DESCRIPTIONS 


PlrxUo. 

Pin Kam« 

I/O 

De$cript!on$ 

1 

GNOrf 

- 

Ground for RF-PLL section. 

2 

OSCin 

1 

The programmable reference divider input. TCXO should be connected with a coupling 
capacitor. 

3 

GNDif 

- 

Ground for the IF section. 

4 

fin*: 

1 

Prescaler input pin for the IF-PLL 

The connection with VCO should be AC coupling. 

5 

Vccr 


Power supply voltage input pin for the IF-PLL section. 

When power is OFF, latched data of IF-PLL is cancelled. 

6 

LD/foul 

0 

Lock detect signal output (LD) / phase comparator monitoring output (fout) 

The output signal is selected by a LOS bit in a serial data. 

LDS bit « "H"; outputs fout signal 

LOS bit = V ; outputs LD signal 

7 

PS,F 

1 

Power saving mode control for the (F-PLL section. This pin must be set at ”L" at 

Power-ON. (Open is prohibited.) 

PSiF = "H"; Normal mode 

PSiF = "L": Power saving mode 

8 

DOif 

0 

Charge pump output for the IF-PLL section. 

Phase characteristics of the phase detector can be reversed by FC-bit. 

9 

DOrf 

0 

Charge pump output for the RF-PLL section. 

Phase characteristics of the phase detector can be reversed by FC-bit. 

10 

PSrf 

1 

Power saving mode control for the RF-PLL section. This pin must be set at "L” at 

Power-ON. (Open is prohibited.) 

PSrf * "H” : Normal mode 

PSrf = "L"; Power saving mode 

11 

XfiriRF 

1 

Prescaler complimentary input for the RF-PLL section. 

This pin should be grounded via a capacitor. 

12 

Vccrf 

- 

Power supply voltage input pin for the RF-PLL section, the shift register and the oscillator 
input buffer. When power is OFF, latched data of RF-PLL is cancelled. 

13 

fipRF 

1 

Prescaler input pin for the RF-PLL 

The connection with VCO should be AC coupling. 

14 

LE 

1 

Load enable signal input (with the schmitt trigger circuit.) 

When LE is "H". data in the shift register is transferred to the corresponding latch 
according to the control bit in a serial data. 

15 

Data 

1 

Serial data input (with the schmitt trigger circuit.) 

A data is transferred to the corresponding latch (IF-ref counter. IF-Prog. counter, RF-ref. 
counter, RF-prog. counter) according to the control bit in a serial data. 

16 

Clock 

1 

Clock input for the 23-bit shift register (with the schmitt trigger circuit.) 

One bit data is shifted into the shift register on a riging edge of the clock. 
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FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 
fvco «{(P X N) + A} X fosc + R (A < N) 

fvco: Output frequency of external voltage controlled ocillator (VCO) 

P: Preset divide ratio of dual modulus prescaler (16 or 32 for IF-PLL, 64 or 128 for RF-PLL) 

N: Preset divide ratio of binary 11-bit programmable counter (5 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0< A < 127) 
fosc: Reference oscillation frequency 

R; Preset divide ratio of binary 14-bit programmable reference counter (5 to 16,383) 

SERIAL DATA INPUT 

Serial data is entered using three pins, Data pin. Clock pin, and LE pin. Programmable dividers of IF/RF-PLL sections, 
programmable reference dividers of IF/RF PLL sections are controlled individually. 

Serial data of binary data is entered through Data pin. 

On rising edge of clock, one bit of serial data is transferred into the shift register. When load enable signal is high, the data 
stored in the shift register is transferred to one of latch of them depending upon the control bit data setting. 


Tablel. CONTROL BIT 


Control bit? 

Destination of serial data 

CNt 

CNa 

L 

L 

The programmable reference counter for the IF-PlL. 

H 

L 

The programmable reference counter for the RF-PLL. 

L 

H 

The programmable counter and the swallow counter for the IF-PLL 

H 

H 

The programmable counter and the swallow counter for the RF-PLL 


SHIFT REGISTER CONFIGURATION 


Programmable Reference Counter 


LSB Data Flow-► 

J_ i 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

C 

C 

T 

T 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

N 

N 

1 

2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1 

2 


















CNT1,2 : Control bit [Table. 1] 

R1 to R14 : Divide ratio setting bits for the programmable reference counter (5 to 16,383) [Table, 2] 

T1,2 : Test purpose bit [Table. 3] 
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FUNCTIONAL DESCRIPTIONS 


Programmable Counter 

LSB Dataflow—»• 


1 



B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 
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N 
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B 
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3 

B 
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B 

8 
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11 
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■ 



■ 



B 




■ 



1 






CN1,2 : Control bit (Table. 1] 

N1 to N11 : Divide ratio setting bits for the programmable counter (5 to 2047) [Table. 4] 

A1 to A7 : Divide ratio setting bits for the swallow counter (0 to 127) [Table. 5) 

SW : Divide ratio setting bit for the prescaler [Table. 6] 

(16/17 or 32/33 for the IF-PLL, 64/65 or 128/129 for the RF-PLL) 

FC : Phase control bit for the phase detector [Table. 7J 

LDS : LD/fout signal select bit [Table. 8] 



Table2. BINARY 14-BIT PROGRAMMABLE REFERENCE COUNTER DATA SETTING 


oivlda 

Ratio 

Hi* 

R 

14 

R 

13 

R 

Bll 

R 

11 

R 

10 

9 

R 

8 ; 

R 

7 

R 

6 

R 

5 

R 

4 

R 

3 

R 

2 

R 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 
















16383 

i 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

1 

1 

1 

1 


Note: • Divide ratio less than 5 is prohibited. 


Table.3 TEST PURPOSE BIT SETTING 


ilii 

1 

-r 

2 

t,D/fout pin state 

L 

L 

Outputs friF. 

H 

L 

Outputs froF. 

L 

H 

Outputs fpiF. 

H 

H 

Outputs fpRF. 
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Table.4 BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


ilpivlde 
BeUo = 
(N) 

H 

11 

N 

10 

M 

0 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

ill 

N 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 













2047 

1 

1 

1 

n 

n 

a 

n 

1 

D 

B 

B 


Note:* Divide ratio less than 5 is prohibited. 


Table.5 BINARY 7-BlT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

i 

A 

$ 

A 

$ 

i 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 









127 

n 

m 

B 

1 

B 

B 

m 


Note:* Divide ratio (A) range » 0 to 127 


Table. 6 PRESCALER DATA SETTING 



SWr 

mam 

Prescaler 

Divide 

ratio 

IF-PLL 



RF-PLL 

64/65 

128/129 
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Table. 7 PHASE COMPARATOR PHASE SWITCHING DATA SETTING 



FC«H 

FOaL 

fr >fp 

H 

L 

fr - fp 

Z 

Z 

fr <fp 

L 

H 

VCO Polarity 

(D 

(2) 


Note: • Z - High-impedance 

• Depending upon the VCO and LPF polarity, 
FC bit should be set 



Table. 8 LD/fout OUTPUT SELECT DATA SETTING 



LO/fout output signal 

H 

fout (friF/RF, fpiF/RF) signals 

L 

LD signal 



SERIAL DATA INPUT TIMING 


Data 


MSB 


xz;:;dc::;zx 


LSB 


O Clock 


< 3 =' LE 


_n 


I II III I 


•t7- 




JlL 


t5-*r 


t6- 


-W— 


t4 


On rising edge of the clock, one bit of the data is transferred into the shift register. 


Parameter 

Mfn. 

Mini 

Max. 

Unit 

ti 

20 

- 


ns 

t2 

20 

- 

- 

ns 

t3 

30 

- 

- 

ns 

t4 

20 

- 

- 

I ns 


Parameter 


Typ. 

Max. 

Unit 

t5 

30 

- 

- 

ns 

t6 

100 

- 

- 

ns 

t7 

100 

- 


ns 





M 
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PHASE DETECTOR OUTPUT WAVEFORM 



Note: • Phase error detection range = -2n to +27c 

• Pulses on Doif/rf signals are output to prevent dead zone. 

• LD output becomes low when phase error is twu or more. 

• LD output becomes high when phase error is twL or less and continues to be so for three cycles or more. 

• twuand twL depend on OSCin input frequency as follows, 
twu > 8/fosc: i.e. twu > 625ns when foscin =: 12.8 MHz 
W £ 16/fosc: i.e. twL < 1250ns when foscin = 12.8 MHz 
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POWER SAVING MODE (INTERMITTENT MODE CONTROL CIRCUIT) 

Setting a PSiw pin to Low, IF‘PLL(RF>PLL) enters into power saving mode resultatly current sonsumption can be limited to 
lOpA (typ.). Setting PS pin to High, power saving mode is released so that the device works normally. 

In addition, the intermittent operation control circuit is included which helps smooth start up from stand by mode. In general, 
the power consumption can be saved by the intermittent operation that powering down or waking up the synthesizer. Such 
case, if the PLL is powered up uncontrolled, the resulting phase comparator output signal is unpredictable due to an unde> 
fined phase relation between reference frequency (fr) and comparison frequency (fp) and may in the worst case take tonger 
time for lock up of the bop. 

To prevent this, the intermittent operatbn control circuit enforces a limited error signal output of the phase detector during 
power up, thus keeping the loop locked. 

PS pin must be set X” at Power-ON. 

During the power saving mode, the corresponding section except for indispensable circuit for the power saving function 
stops working, then current consumption is reduced to 10pA per one PLL section. 

At that time, the Do and LD become the same state as when a loop is locking. That is, the Do becomes high impedance. 

A VCO control voltage is naturally kept at the locking voltage which defined by a LPF"s time constant. As a result of this, 
VCO’s frequency is kept at the locking frequency. 




IF-PLLoourtters 

RF-PLL counters 

osc input buffer 

L 

L 

OFF 

OFF 

OFF 

H 

L 

ON 

OFF 

ON 

L 

H 

OFF 

ON 

ON 

H 

H 

ON 

ON 

ON 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

TVP 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

3.6 

V 

VCCIF = VcCrf 

Input Voltage 

Vi 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-40 

- 

+85 

°C 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 


ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Vaiue 

Unit 

Min 

Typ 

Max 

Power Supply Current *1 

ICCiF 

finiF= 500MHz, 
fosc = 12MHz 


3.0 

- 

mA 

IcCrf 

finRF = 2000MHz, 
fosc= 12MHz 

- 

6.0 

- 

Power Saving Current *2 

IpSiF 

VcciF current at PSif =”L” 

- 

- 

10 

\iA 

IpSRF 

\/ccrf current at PS|f/rf 



10 

Operating Frequency 

finiF 

fitiiF 

IF-PLL 

50 

- 

500 

MHz 

fiORF 

finRF 

RF-PLL 

100 

- 

2000 

OSCin 

bsc 

min. 500mVp-p 

- 

12.8 

23 

Input Sensitivity 

finiF 

Pfin,F 

IF-PLL, 50Q termination 

-10 

- 

+2 

dBm 

finRF 

PfinRF 

RF-PLL, 500 termination 

-10 

- 

+2 

dBm 

OSCin 

Vosc 


500 

- 

Vcc 

mVp-p 


*1: Conditions ; VcC|f/rf = 3V, Ta = 25°C, In locking state. 

*2: Conditions; VcC|f/rf = 3V, Ta = 25°C, in power saving state. 
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ELECTRICAL CHARACTERISTICS 


' pfiirameler 

Symbol 

Condltlpri 

Value 

Unit 

Min 

Typ 

Max 


input Voltage 

Data. Clock. 
LE 

ViH 



iHhI 

- 

V 

ViL 

Schmitt trigger input 

- 

- 


PSlF, PSrF 

ViH 


VccxO.7 

- 

- 

■ 

V.L 


- 

- 

VccxO.3 

input Current 

Data, Clock, 
LE, PSif, 
PS«F 

IlH 

_ 


-1.0 

- 

+1.0 

UA 

B 


-1.0 

- 

+1.0 

OSCin 

im 


0 

- 

+100 

pA 

B 


-100 

- 

0 

Output Voltage 

LD/fout 

VoH 


Vcc-0.4 

- 

- 

■ 

VoL 


- 


0.4 

DOif, DOrf 

Vdoh 


Vcc-0.4 


“ 

V 

Vdol 


- 

- 

0.4 

High impedance 
cutoff current 

DOif, DOrf 

loFF 


IHI 

B 

1.1 

pA 

Output Current 

LD/fout 


Vcc = 3.0V 

- 

- 

-1.0 

mA 

loL 

Vcc = 3.0V 

1.0 

- 

- 

DOif, DOrf 

loOH 

Vcc « 3.0V. VooH = 2.0V 

- 

-6.0*1 

- 

mA 

loOL 

Vcc = 3.0V, VooL= 1.0V 

- 

10.0*1 

- 


1: Condition ; Ta « 25®C 
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TEST CIRCUIT (PRESCALER INPUT / PROGRAMMABLE 
REFERENCE DIVIDER INPUT SENSITIVITY TEST) 










MB15F03 



*:Thls dimension does not indude resin protruction. 
©1991 FUJITSU LIMITED F16013S-2C 


Dimensions In 
Inches (millimeters) 
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Edition 1.0a 


Fufrsu 

MB1503 

LOW-POWER PLL FREQUENCY SYNTHESIZER WITH 
POWER SAVE FUNCTION (1.1GHZ) 


The Fujitsu MB1503 is a serial input phase-locked loop (PLL) frequency synthesizer with a 
pulse-swallow function. A stand-by mode is provided to limit power consumption during 
intermittent operation. 

The MB1503 Is configured of a 1.1 GHz dual-modulus prescaler with 128/129 divide ratio, 
control signal generator, 16-bit shift register, 15-bit latch, programmable reference divider 
(binary 14-bit programmable reference counter), 1-bit switch counter, phase comparator 
with phase conversion function, charge pump, crystal oscillator, 19-blt shift register, 18-bit 
latch, programmable divider (binary 7-bit swallow counter and binary 11-bit programmable 
counter), analog switches, and an intermittent operation control circuit that selects the 
operating or stand-by mode depending on the power-save control input state (PS). 

The MB1503 operates from a single +5 V supply. Fujitsu’s advanced technology achieves 
an Icc of 8mA, typical. The stand-by mode current consumption is just lOOnA. 

Features 

• High operating frequency : f|N = 1.1 GHz (Pin = -1 OdBm) 

• Pulse-swallow function : High-speed dual-modulus prescaler with 128/129 

divide ratio 

• Low supply current : Icc = tyP- at 5V 

• Power-saving stand-by mode : lOO^iA 

• Serial input, 18-bit programmable divider consisting of: 

- Binary 7-bit swallow counter : 0 to 127 

- Binary 11 -bit programmable counter: 16 to 2,047 

• Serial Input 15-bit programmable reference divider consisting of: 

- Binary 15-bit programmable reference counter: 8 to 16,383 

- 1 -bit switch counter sets prescaler divide ratio 

• On-chip analog switch for fast lock-up 

• On-chip charge pump 

• Wide operating temperature range: -40to+85°C 

• Plastic 16-pin dual inline package (Suffix: -P) 

Plastic 16-pin small outline package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Ratings 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Vp 

Vcc ^Vp< 10.0 

V 

Output Voltage 

VoUT 

-0.5 to Vcc +0*5 

V 

Output Current 

H[S9 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 



NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended periods may affect device 
reliability. 



PLASTIC PACKAGE 
(FPT-16P-M06) 



PLASTIC PACKAGE 
(DIP-16P-M04) 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. 


Copyright© 1994 by FUJITSULIMITED 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

OSCiN 

1 

Programmable reference divider input 

Oscillator input 

An external crystal is connected to this pin. 

2 

OSCqut 

o 

Oscillator output 

An external crystal is connected to this pin. 

3 

Vp 


Power supply input for charge pump and analog switch 

4 

Vcc 

- 

Power supply 

5 

Do 

0 

Charge pump output 

The phase of the charge pump is reversed depending on the FC input. 

6 

GND 

- 

Ground 

7 

LD 

0 

Phase comparator output 

The output level is high when LD is locked. The output level Is low when LD is unlocked. 

8 

^IN 

1 

Prescaler input 

Connection with an external VCO should be done by AC coupling. 

9 

Clock 

1 

Clock input for 19-bit and 16-bit shift registers 

Data is shifted into the shift register on the rising edge of the clock.The Schmitt trigger is 
contained. 

10 

Data 

! 

Serial data input using binary code 

The last bit of the data is a control bit. 

When the control bit is high, data is transmitted to the 15-bit latch. 

When it Is low, data is transmitted to the 18-bit latch.The Schmitt trigger input is Involved. 

11 

LE 

1 

i 

Load enable signal input 

When LE is high, the data of the shift register are transferred to a latch, depending on the 
control bit in the serial data. At the same time, an internal analog switch turns on and the output 
of the internal charge pump is connected to the BiSW pin.The Schmitt trigger input is involved. 

12 

FC 

1 

Phase select input of phase comparator (with internal pull-up resistor) 

When FC is low, the characteristics of the charge pump and phase comparator are reversed. 
The FC input signal is also used to control the four P*n (f^st pin) of fR or fp 

13 

BiSW 

0 

Analog switch output 

BISW is usually In the high-impedance state. When the switch is turned on (LE is high), the 
state of the internal charge pump Is output. 

14 


o 

Monitor pin of programaiable counter output 

15 

fR 

0 

Monitor pin of reference counter output 

16 

PS 

i 

Power save signal input 

Set PS low while the system is powered (never use pin 16 as it Is opened) 

PS = High : Operation mode 

PS = Low : Stand-by mode 
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FUNCTIONAL DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation: 

fvCO = [(M X N) + A] X fosc - R (A < N) 

ivco • Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11 -bit programmable counter {16 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

^osc '• Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14-bit programmable reference counter (8 to 16,383) 

M : Preset divide ratio of modules prescaler (128) 



Serial data input 

Serial data is input using the Data, Clock, and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit 
programmable divider separately. 

Binary serial data is input to the Data pin. 

One bit of data is shifted into the internal shift registers on the rising edge of the clock. When the load enable pin is high or open, stored 
data is latched depending on the control data as follows: 


Control data 

Destination of serial data 

H 

15-bit latch 

L 

18"bit latch 


(a) Programmable reference divider ratio 

The programmable reference divider consists of a 15-bit latch and a 14-bit reference counter. The serial 16-bit data format is 
shown below: 


Direction of data shift 


Control bit Divide ratio setting bit for prescaler 

LSB MSB 



S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

B 


C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

H 

sw 


Divide ratio setting bit for programmable reference counter 
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• 14-bit programmable reference counter divide ratio 


Divide ratio 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

R 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


(Divide ratio - 8 to 16,383) 


Notes: 


1. Divide ratios less than 8 are prohibited 

2. SW: This bit selects the divide ratio of the prescaler 
SW Low: 128 or 129 (SW must be always be low) 

3. SI to S14: These bits select the divide ratio of the programmable reference counter (8 to 16,383) 

4. C: Control bit: Set high 

5. Input MSB data first 


(b) Programmable divider divide ratio 

The programmable divider consists of a 19-bit shift register, 18-bit latch, 7-bit swallow counter, and 11-bit programmable 
counter. The serial 19-bit data format is shown below: 


Direction of data shift 
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• 7'bit swallow counter divide ratio • 11 -bit programmable counter divide ratio 



(Divide ratio = 0 to 127) (Divide ratio = 16 to 2,047) 


Notes: 1. Divide ratios less than 16 are prohibited for the 11-bit programmable counter 

2. SI to S7: These bits select the divide ratio of the swallow counter (0 to 127) 

3. S8 to SI8: These bits select the divide ratio of the programmable counter (16 to 2,047) 

4. C: Control bit: (Set low) 

5. Input MSB data first 


Serial data input timing 

• ti(>1ps): Data setup time t2(>1ps): Data hold time t3(>1|is): Clock pulse width 

t 4 (> 1 ps): LE setup time to the rising edge of last clock \s (> 1 ps): LE pulse width 


^mIb )•( 

S17 

3,0)i 

/ S9 

(SW) (*1); 

(SI 4) 

(S8) : 

(S7) 


C: Control bit 

LSB A 


(S7) (SI) (C: Control bit) 





♦ 1 : Bits enclosed In parentheses are used when the divide ratio of the programmable reference divider is selected. 
Note: One bit of data is shifted into the shift register on the rising edge of the clock. 
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Intermittent operation 

Intermittent operation limits power consumption by shutting down or starting the internal circuits according to their necessity. If device 
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined phase 
relationship between the reference frequency (fp) and the comparison frequency (fp) and frequency lock is lost. 

To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly 
correcting the phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS Is set high, the 
circuit enters the operating mode. If PS is set low, operation stops and the device enters the stand-by mode. Each mode is explained 
below: 

• Operating mode (PS =High Level) 

All circuits are operating, and PLL operation is normal. 

• Stand-by mode (PS = Low level) 

Circuits that do not affect operation are powered down to limit current consumption. 

The current in the power save state is typically 100pA. 

At this time, the levels of Dq and LD are the same as when the PLL is locked. 

Since Dq is placed in the high-impedance state and the input voltage of the voltage controlled oscillator (VCO) Is set to the voltage 
in the operating mode (when locked) by the time constant of the low-pass filter, the frequency output from the VCO (fyco) 's kept at 
the locking frequency. 

The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly correcting the 
phase of the reference and comparison frequencies to limit power consumption. 

The device must be set in the stand-by mode (PS = low) when it is powered up. 


Relationship between the FC input and phase characteristics 

The FC pin changes the phase characteristics of the phase comparator. The internal charge pump output level (Dq) is reversed, 
depending on the FC pin input level. The relationship between the FC input level and Dq is shown below: 



FC = High or open 

FC = Low 

fR > fp 

H 

L 

fp < fp 

L 

H 

fR = fp 

Z(*1) 

Z(*1) 


+1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO characteristics. 


*: When the VCO characteristics are similar to 
©, set FC high or open. 

*: When the VCO characteristics are similar to 
@, set FC low. 


VCO 

output 

frequency 
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Phase comparator output waveform (FC = High) 



iR>ip ^R = ^P ^R<ip fR<fp 


fR<fp 


Notes: 1. Phase difference detection range: -2n to +2k 

2. Spike appearance depends on the charge pump characteristics. Also, the spike is output to diminish 
dead band. 

3. When fp > fp or fp < fp a spike might not appear depending on the charge pump characteristics. 

4. LD is low when the phase difference is tw or more. LD Is high when the phase difference is tw or less for 
three or more cycles (when fosciN = 12.8Mlrlz, tw = 625 to 1,250ns). 



Analog switch 

The LE signal turns the analog switch on or off. When the analog switch is turned on, the charge pump output (Do) is output through 
the BiSW pin. When it is turned off, the BiSW pin is in the high-impedance state. 

When LE = high (when the divide ratio of the Internal divider is changed): Analog switch = on 
When LE = low (normal operating mode): Analog switch = off 

The LPF time constant can be decreased by Inserting an analog switch between LPF1 and LPF2. This decreases the lock-up time 
when the PLL channel Is changed. 
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RECOMMENDED OPERATING CONDITIONS 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device a socket. 

- Protect leads with conductive sheet, as treatment (transport) a board mounted the device. 
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ELECTRICAL CHARACTERISTICS 


Parameter 


Value 

Unit 

Condition 

Symbol 

Min 

TVP 

Max 

Supply Current 

•cc 

- 

8.0 

12.0 

mA 

With f|N = 1.1GHz, OSC|N = 
12MHz, Vcc = 5.0V. Inputs 
are Vcc and outputs are 
open. 

Stand-by Current 

IPS 

- 

100 

- 

pA 

With fiN = 1.1GHz, OSC|N = 
12MHz, Vcc = 5.0V. The 
PS pin is grounded, remain¬ 
ing inputs are at Vcc, and 
outputs are open. 

Operating Frequency 

f|N 

^IN 

10 

- 

1100 

MHz 

AC coupling. The minimum 
operating frequency is 
measured with a lOOpF ca¬ 
pacitor connected. 

OSCifsj 

bsc 

- 

12 

20 

MHz 

— 

Input Sensitivity 

f|N 

Pf IN 

-10 

- 

6 

dBm 

— 

OSC|N 

Vosc 

0.5 

- 

- 

Vp-p 

— 

High-level Input Voltage 

Except fiN and 
OSC|N 

V|H 

VccXO.7 

- 

- 

V 

— 

Low-level Input Voltage 

V,L 

- 

- 

Vcc X 0.3 

V 

— 

High-level Input Current 

Data, Clock, 
LE 

l|H 

- 

1.0 

- 

pA 

— 

Low-level Input Current 

llL 


-1.0 


pA 

— 

FC 

m 

- 

-60 

- 

pA 

— 

Input Current 

OSC|(s| 

>osc 

- 

±50 

- 

pA 

— 

HliHliii 

Except Do and 
OSCoUT 

VOH 

4.4 

- 

- 

V 

Vcc = 5V 

Low-level Output Voltage 

VoL 

- 

- 

0.4 

V 

— 

High-impedance 

Cut off Current 

Do 

IqfF 

- 

- 

1.1 

pA 

Vdo = GND to 8V 

Vcc ^ Vp < 8V 

Output Current 

Except Do and 
OSCoUT 

lOH 

-1.0 

- 

- 

mA 

— 

bi 

1.0 

- 

- 

mA 

— 

Analog Switch ON Resistance 

Ron 

- 

25 

- 

Q 

— 
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MB1503 

TEST CIRCUIT 
(FOR MEASURING PRESCALER INPUT SENSITIVITY) 





MB1503 



Vf 

c 


Maximum 8V 

Depends on the crystal parameters 
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23 
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DATASHEETS 

MB1504/MB1504H/MB1504L 

ASSP SERIAL INPUT PLL FREQUENC Y SYNTHESIZER 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 520MHz PRESCALER 

The Fujitsu MB1504/MB1504H/MB1504L, utilizing BI-CMOS technology, is a single chip 
serial input PLL frequency synthesizer with pulse-swallow function. 

The MB 1504 series contains a 520MHz two modulus prescaler that can select either 32/33 or 
64/65 divide ratio; control signal generator; 16-bit shift register; 15-bit latch; programmable 
reference divider (binary 14-bit programmable reference counter); 1 -bit switch counter; phase 
comparator with phase inverse function; charge pump; crystal oscillator; 19-bit shift register; 

18-bit latch; and a programmable divider (binary 7-bit swallow counter and binary 11-bit 
programmable counter). 

The MB1504 operates from a low supply voltage (3V typ) and consumes low power (30mW at 
520MHz). 

MB1504 Product Line 


FEATURES 

• High operating frequency: f|N max=520MHz (V|n MiN=0.20Vp.p) 

• On-chip prescaler 

• Low power supply voltage: 2.7V to 5.5V (3.0V typ) 

• Low power supply consumption: 30mW (3.0V, 520MHz operation) 

• Serial input 18-bit programmable divider consisting of: 

-Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

-Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Serial input 15-bit programmable reference divider consisting of: 

-Binary 14-bit programmable reference counter (Divide ratio: 8 to 16383) 
-1 -bit switch counter (SW) Sets divide ratio of prescaler 

• 2 types of phase detector output 
-On-chip charge pump (Bipolar type) 

-Output for external charge pump 

• Wide operating temperature: Ta=- 40"C to +85°C 



Vp Voltage 

Voop Voltage 

Lock up Time 

Do Output 
Width 

High-level 

Output Current 

Low-level 

Output Current 

MB1504 


8.5V max 

Middle speed 

Middle 

Middle 

Middle 

MB1504H 



High speed 

Low 

High 

Low 

VIB1504L 

IHH 


Low speed 

High 

Low 

High 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated volt- 
ages to this high impedance circuit._ 


Fufrsu 
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ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Condition 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to +7.0 

V 

VpH 

MB1504H 

VnrtO 12.0 

V 

Vp^VpL 

MB1504/1504L 

Vcc to 10.0 

Output Voltage 

VOUT 

— 

-0.5 to Vcc +0-5 

V 

Open-drain Output 

VoOPH 

MB1504H 

-0.5 to 11.0 

V 

VoOP-VooPL 

MB 1504/1504L 

-0.5 to 9.0 

Output Current 

•out 

-- 

+10 

mA 

Storage Temperature 

Tstg 

- 

-55 to+125 

°C 


NOTE: Permanentdevice damage may occur if the above Absolute Maximum Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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MB1504H 

MB1504L 


PIN DESCRIPTIONS 


Pin No. 

Pin Name 

IQ 

Descriptions 

1 

2 

OSCiN 

OSCqut 

0 

Oscillator input 

Oscillator output 

A crystal is placed between OSC|n and OSCqut- 

3 

Vp 

- 

Power supply input for charge pump 

4 

Vcc 

- 

Power supply voltage input 

5 

Do 

0 

Charge pump output 

The phase characteristics can be inversed depending upon the FC input. 

6 

GND 

' 

Ground 

7 

LD 

0 

Phase comparator output 

This pin outputs high when the phase is locked. While the phase difference of fr and fp exists, the output 
level goes low. 

8 

% 

1 

Prescaler input 

The connection with an external VCO should be an AC connection. 

9 

Clock 

1 

Clock input for 19*bit shift register and 16-bit shift register 

Each rising edge of the clock shifts one bit of data into the shift registers. 

10 

Data 

1 

Serial data of binary code input 

The last bit of the data is a control bit. The last data bit specifies which latch is activated. 

When the last bit is high level and LE is high-level, data is transferred to the 15-blt latch. 

When the last bit is low level and LE is high level, data is transferred to the 18-bit latch. 

11 

LE 

1 

Load enable input {with internal pull up resistor) 

When LE is high level (or open), data stored in the shift register is transferred to the latch depending on the 
control data. 

12 

FC 

0 

Phase selecting input of phase comparator (with internal pull up resistor) 

When FC is low level, the charge pump and phase detector characteristics can be inversed. 

13 

fr 

0 

Monitor pin of phase comparator input 

It is the same as the programmable reference divider output. 

14 

Ip 

0 

Monitor pin of phase comparator input 

It is the same as the programmable divider output. 

■ 

0P 

0R 

o 

0 

Outputs for external charge pump 

The phase characteristics can be inversed depending on the FC input. 

The 0P pin is an N-channel open-drain output. 
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MB1504H 

MB1504L 


FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 


Serial data input is input using the Data pin, Clock pin and LE pin. The 15-bit programmable reference divider and 18-bit programmable divider are 
controlled, respectively. 

On rising edge of the clock, one bit of the data shifts into the internal shift registers. 

When load enable (LE) is high level (or open), data stored in the shift registers is transferred to the 15-bit latch or 18-bit latch depending upon the control bit 
level. 


Control data "H”: Data is transferred into the 15-bit latch. 
Control data “L”: Data is transferred Into the 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 



The programmable reference divider consists of a 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is shown below. 


Data input 


Last data input 


^ .■■■ Control bit Divide ratio of prescaler setting bit —, p 

^ LSB MSB ^ 

C 

S 

1 

S 

2 

S 

3 

S 

4 

S 

5 

5 

6 

S 

7 

S 

8 

S 

9 

S 

10 

S 

11 

s 

12 

S 

13 

S 

14 

SW 


* .— Divide ratio of programmable reference counter setting bits » 



First data input 


@ 14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

ratio 

R 

S 

14 

s 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide ratio less than 8 is prohibited 
Divide ratio R: 8 to 16383 


SW: Divide ratio of prescaler setting bit 
SW=:“H"; 32 
SWs“L”; 64 

Si to S 14 : Divide ratio of programmable reference counter setting bits (8 to 16383) 
C: Control bit (control bit Is set to high) 
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FUNCTIONAL DESCRIPTIONS 

PROGRAMMABLE DIVIDER 


The programmable divider consists of a 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown below. 


Data input 



@ 7-BIT SWALLOW COUNTER DIVIDE RATIO @ 11 -BIT PROGRAMMABLE COUNTER DIVIDE RATIO 



Divide ratio N : 16 to 2047 


Sa to Si 8 : Divide ratio of programmable counter setting bits (16 to 2047) 

Si to S 7 : Divide ratio of swallow counter setting bits (0 to 127) 

C; Control bit (control bit is set to low) 

Data is input from the MSB. 
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RECOMMENDED OPERATING COI^ 

IDITIONS 

Parameter 

Symbol 


Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

— 

2.7 

3.0 

5.5 

V 

VpH 

MB1504H 

Vcc 

— 

10.0 

V 

Vp. VpL 

MB1504 

MB1504L 

Vcc 

— 

8.5 

Open-drain Output 

VcxDPH 

MB1504H 

Vcc 

— 

10.0 

■ 

VOOP VooPL 

MB1504 

MB1504L 

Vcc 

— 

8.5 

Input Voltage 

V|N 

— 

GND 

— 

Vcc 

V 

Operating Temperature 

Ta 

— 

-40 

— 

+85 

•^c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti’Static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 

(Vcc=2.7 to 5.5V, Ta=-40 to +85°C) 


Parameter 

Pin Name 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Vcc 

Ice 

*1 

- 

10 

16 

mA 

Operating Frequency 

f|N 

f|N 

*2 

10 

- 

520 

MHz 

OSCiN 

fosc 


- 

12 

20 

MHz 


f|N 

Pf|Nl 

Vcc*2.7to4.0V 

-10 

- 

6 

dBm 

Input Sensitivity 

R|n2 

Vcc=4.0to 5.5V 

_4 

- 

6 

dBm 


OSC|N 

VlN 


- 

0.5 

- 

- 

Vp.p 

High-level Input Voltage 

Except 
fiN and 
OSCiN 

V|H 

- 

O.ZxVcc 

- 

- 

V 

Low-level Input Voltage 

V|L 


- 

- 

- 

0.3xVcc 

V 

High-level Input Current 

Data, 

l|H 

- 

- 

1.0 

- 

flA 

Low-level Input Current 

Clock 

l|L 

— 

- 

-1.0 

- 

pA 


OSCiN 

l|N 

_ 

- 

±50 

- 

pA 


LE.FC 

Ile 

— 

- 

-60 

- 

pA 

High-level Output Voltage 

Except 

Do and 
OSCoUT 

VOH 

Vcc^3.0V 

2.4 

- 

- 

V 

Low-level Output Voltage 

VoL 

- 

- 

0.4 

V 

N-channel Open-drain 

Cutoff Current 

0P 

JOFF 

Vcc^Vp<8V 

- 

- 

1.1 

flA 

High-level Output Current 

Except 

Do and 
OSCoUT 

•oh 

- 

- 

-1.0 

- 

- 

mA 

Low-level Output Current 

•OL 

- 

- 

1.0 

- 

- 

mA 



Idohh 

MB1504H 

VCC-3V 

Vp=12V, Ta=+25°C 

-2.2 ; 

-4.5 

- 

mA 

High-level Output Current 


Idoh 

MB1504 

Vcc=3V 

-0.5 

-2.0 

- 

mA 


Do 

bOHL 

MB1504L 

Vp*=6 V, Ta^+25°C 

-0.5 

-1.1 

-2.2 

mA 


Idolh 

MB1504H 

VCC-3V 

Vp=12V, Ta=+25®C 

2.2 

6.0 

- 

mA 

Low-level Output Current 


Idol 

MB1504 

Vcc=3V 

1.5 

6.0 

- 

mA 



boLL 

MB1504L 

Vp*6V,Ta=+25®C 

4.5 

12.0 

- 

mA 

Leakage Current 

Do. 0P 

boz 

Vcc=3V 

Vp^12V. Ta=s+25‘'C 

- 


1.0 

PA 


Note: *1 Vcc=3.0V, f|N=520MHz, fosc=12MHz ciystal. 

inputs are grounded except f|N, and outputs are open. 
*2 Input coupling capacitor 10OOpF is connected. 




MB1504 

MB1504H 

MB1504L 


TYPICAL CHARACTERISTICS CURVES 

CHARGE PUMP CHARACTERISTICS 


^ MB1504/MB 1504H 



Vp 


) Do 


GND 


4 MB1504L 



Vp 


I Do 


GND 


LOCK UP TIME MEASUREMENT 
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Do PIN OUTPUT WAVEFORM AT LOCK CONDITION 




I5 
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PHASE CHARACTERISTICS (Af vs. Dq OUTPUT ENERGY) 



Time Af (ns) 
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Lock up Time Measurement 



LPF Circuit 


1ld2 


4 kQ 

->W\r- 


: IkO 
^ lOp-F 


Vcc=3V.Vp=8V 
fvco-l-ow unlock condition - 
unlock condition - 


4kn 


3k O.lfXF 3k 


toVCO 


Step to Lock condition (533MHz) 
Step to Lock condition (518MHz) 


Phase Characteristics Measurement 


Vcc Vp 


Vcc=3V. Vp=3V 
Af=fr-fp 

Energy (En)=V2t 




Oscilloscope 
(IOMO, lOpF) 
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TYPICAL APPLICATION EXAMPLE 
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PACKAGE DIMENSIONS _ 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No.: DIP-16P-M04) 



©1991 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 


(Case No.: FPT-16P-M06) 


+.010 /-IQ 15+0.25 \ 



.050(1.27^ 

TYP 


(0.45±0.10)L- 


.307+016 
I (7.80±0.40) 
.209±.012 1 
(5.30±0.30) 


.089(2.25)MAX 


(MOUNTING HEIGHT) 
.002(0.05)MIN 
[TSTA ND off HEIGHT) 



. 268 :; 0 ^|( 6 . 80 : 0 ; 40 ) 


.020±.008 

(0.50±0,20) 


. 006 *;M 2 ( 0 . 1 ^;g|) 



r Details of “A” part T Details of “B” part 


\ CJ I .004(0.10)1 
.350(8.89) REF— 


©1991 FUJITSU LIMITED F16015S-2C 


.016(0.40)| 


.008(0.20) 

.007(0.18) 

' MA^ 
.027(0.68) 
MAX 


.006(0.15)! 


.008(0.20) ; 
.007(0.18) : 

MAX 1 
.027(0.68 ) ; 
MAX i 


Dimensions in 
inches (millimeters) 


\z 










June 1995 
Edition 0.2a 


Fufrsu 


mB15E05/E0^ Product Profile 


Sheet ; 


On-Chip 2.0GHZ/2.5GHZ PRESCALER 

The Fujitsu MB15E05/E06 are serial input Phase Locked Loop (PLL) frequency 
synthesizers with a 2.0GHz (MB15E05) and a 2.5GHz (MB15E06) prescalers. A 
64/65 or a 128/129 can be selected for the prescaler that enables pulse swallow 
operation. 

The latest BiCMOS process technology is used, resulting in a supply current of 
6mA typ. (MB15E05) and 7mA typ. (MB15E06). They operate with 
a supply voltage of 3.0V (typ.). 

Furthermore, a super charger circuit is included to get a fast tuning as well as low 
noise performance. As a result of this, MB15E05/E06 are Ideally suitable for digital 
mobile communications, such as PCN(Personal Communication Network), 
PCS(Personal Communication Service), Wireless LAN etc. 

FEATURES 

• High frequency operation MB15E05 :2.0GHz max. 

MB15E06:2.5GHz max. 

• Low power supply voltage: Vcc = 2.7 to 3.6V 

• Very Low power supply current: MB15E05 : Ice = 6 0 hfiA typ. (Vcc = 3V) 

MB15E06: Ice = 7.0 mA typ. (Vcc = 3V) 

• Power saving function: Ips = 10 pA max. (Vcc = 3V) 

• Pulse swallow function: 64/65 or 128/129 

• Serial Input 14-bit programmable reference divider: R = 5 to 16383 

• Serial input 13-bit programmable divider consisting of: 

- Binary 7-bit swallow counter: 0 to 127 

- Binary 11-bit programmable counter: 5 to 2047 

• Wide operating temperature: Ta = -40 to 85°C 

• Plastic 16-pin SSOP package (FPT-16P-M05) 


ABSOLUTE MAXIMUM RATINGS (SEE NOTE) 


Ratings 

Symlx>l 

Value 

Unit 

Rejimrlc 

Supply voltage 

Vcc 

-0.5 to+4.0 

■1 


Vp 

Vcc to +6.0 

V 


Input voltage 

V| 

-0.5 to Vcc +0.5 

V 


Output voltage 

Vo 

-0.5 to Vcc +0.5 

■1 


Storage temperature 

Tstg 

-55 to+125 

m 




FPT-16P-M05 


PIN ASSIGNMENT 


OSCin d 

1 

16 

□ or 

OSCout ^ 

2 

15 

□ ®p 

Vp d 

3 

14 

□ LD/fout 

Vcc d 

4 TOP 13 
VIEW 

□ zc 

Do d 

5 

12 

□ PS 

GND d 

6 

11 

□ le 

Xfin d 

7 

10 

1 Data 

fin d 

6 

9 

1 Clock 



NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fielos. However, 
it is aovised that normal precautions be taken to avoid applica¬ 
tion of any voltage higher than maximum rated voltages to this 
high impedance circuit._ 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 


|pinKo. 

Finnam^ 

I/O 

Description 

■ 

OSCiN 

■ 

Programmable reference divider input. 

Oscillator input. 

Connection for an crystal or a TCXO. 

2 

OSCoUT 

0 

Oscillator output. 

Connection for an external crystal. 

3 

Vp 

- 

Power supply input for the charge pump. 

4 

Vcc 


Power supply input. 

5 

Do 

o 

Charge pump output. 

Phase of the charge pump can be reversed by FC input. 

6 

GND 

- 

Ground. 

7 

Xfin 

1 

Prescaler complementary input, and should be grounded via a capacitor. 

8 

fin 

■I 

Prescaler input. 

Connection with an external VCO should be done with AC coupling. 

9 

Clock 

1 

Clock input for the 19-bit shift register. 

Data is shifted into the shift register on the rising edge of the clock. (Open is prohibited.) 

10 

Data 

1 

Serial data input using binary code. 

The last bit of the data is a control bit. (Open is prohibited) 

Control bit = "H”; Data is transmitted to the programmable reference counter. 

Control bit = *1"; Data is transmitted to the programmable counter. 

11 

LE 

■ 

Load enable signal input (Open is prohibited.) 

When LE is high, the data in the shift register is transferred to a latch, according to the 
control bit in the serial data. 

12 

PS 

■ 

Power saving control input. This pin should be set at ”L” at Power-ON. (Open is prohibited.) 

PS = "H"; Normal mode 

PS = ”L”: Power saving mode 

13 

zc 

1 

Forced high-impedance control for the charge pump (with internal pull up resistor.) 

ZC = ’’H"; Normal Do output. 

ZC = ”L"; Do becomes high impedance. 

14 

LD/foUT 

0 

Lock detector output{LD)/Monitor pin of the phase comparator(fout). 

A LDS bit in a serial data switchs LD/fout pin’s output. 

LDS = ”H” /outputs tout (fr/fp monitoring output) 

LDS = "L"; outputs LD {”H” at locking, "L” at unlocking.) 

15 

<DP 

0 

Phase comparator output for an external charge pump. 

16 

OR 

0 

Phase comparator output for an external charge pump. 
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FUNCTION DESCRIPTIONS 

PULSE SWALLOW FUNCTION 

The divide ratio can be calculated using the following equation; 

fvco.[(MxN) +A)xfo8c + R (A<N) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11-bit programmable counter {5 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

lose : Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14-bit programmable reference counter (5 to 16,383) 

M : Preset divide ratio of modules prescaler (64 or 128) 

SERIAL DATA INPUT 

Serial data is processed using the Data, Clock, and LE pins. Serial data controls the programmable reference divider and the 
programmable divider separately. 

Binary serial data is entered through the Data pin. 

One bit of data is shifted into the shift register on the rising edge of the clock. When the load enable pin is high, stored data is latched 
according to the control bit data as follows: 

Table.1 CONTROL BIT 


Control bit (CNT) 

Destination of serial data 

H 

17 bit latch (for the programmable reference divider) 

L 

18 bit latch (for the programmable divider) 


SHIFT REGISTER CONFIGURATION 
Programmable Reference Counter 


LSB MSB 

I Data Flow . . ' * i 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

C 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 




N 

T 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

SW 

FC 

IDS 


CNT : Control bit (Table. 1] 

R1 to R14 : Divide ratio setting bit for the programmable reference counter (5 to 16,383) [Table. 2] 

SW : Divide ratio setting bit for the prescaler (64/65 or 128/129) [Table. 5] 

FC : Phase control bit for the phase comparator [Table. 7] 

IDS : LD/fout signal select bit [Table. 6] 


Note: Start data input with MSB first. 
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Table.4 BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

A 

7 

A 

6 

.A 

$ 

A 

4 

< 

A, 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 









127 

1 

1 

1 

1 

1 

1 

1 


Note:* Divide ratio (A) range > 0 to 127 
Table. 5 PRESCALER DATA SETTING 


1 SW 

Prescaler Divide ratio 

H 

64/65 

L 

128/129 


Table. 6 LD/fout OUTPUT SELECT DATA SETTING 


LDS 

LD/fout output signal 

H 

tout signal 

L 

LD signal 


Relation between the FC Input and phase characteristics 

The FC bit changes the phase characteristics of the phase comparator. Both the internal charge pump output level (Do) and the 
phase comparator output (<t)R, OP) are reversed according to the FC bit. Also, the monitor pin (four) output is controlled by the FC bit. 
The relationship between the FC bit and each of Do, OR, and OP is shown below. 

Table. 7 FC BIT DATA SETTING (LDS = ”H”) 



FC = High 

FC P Low 


Do 

OR 


LD/fout 


OR 

OP . 

LD/fout 

f,>fp 

H 

L 

L 

(fr) 

L 

H 

Z* 

m 

f,<fp 

L 

H 

z* 

(fr) 

H 

L 

L 

m 

fr«fp 

Z* 

L 

z* 

(ir) 

Z* 

L 

Z* 

(fp) 


*: High impedance 
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When designing a synthesizer, the FC pin setting depends on the VCO and LPF characteristics. 


♦: When the LPF and VCO characteristics are 

similar to ®, set FC bit high. output 

♦: When the VCO characteristics are similar to frequency 

<D, set FC bit low. 

N / 

N. / 

N 

—• PLL LPF VCO 

LPF input voltage -► 



POWER SAVING MODE (INTERMITTENT MODE CONTROL CIRCUIT) 

Setting a PS pin to Low, the IC enters into power saving mode resuhatly current sonsumption can be limited to lOpA (max.). 
Setting PS pin to High, power saving mode is released so that the IC works normally. 

In addition, the intermittent operation control circuit is included which helps smooth start up from the power saving mode. In 
general, the power consumption can be saved by the intermittent operation that powering down or waking up the synthe¬ 
sizer. Such case, if the PLL is powered up uncontrolled, the resulting phase comparator output signal is unpredictable due to 
an undefined phase relation between reference frequency (fr) and comparison frequency (fp) and may in the worst case take 
longer time for lock up of the loop. 

To prevent this, the intermittent operation control circuit enforces a limited error signal output of the phase detector during 
power up, thus keeping the loop locked. 

During the power saving mode, the corresponding section except for indispensable circuit for the power saving function 
stops working, then current consumption is reduced to 10pA per one PLL section. 

At that time, the Do and LD become the same state as when a loop is locking. That is, the Do becomes high impedance. 

A VCO control voltage is naturally kept at the locking voltage which defined by a LPF’’s time constant. As a result of this, 
VCO’s frequency is kept at the locking frequency. 

Note; • While the power saving mode is executed, ZC pin should be set at “H" or open. If ZC is set at ”L" during power 
saving mode, approximately IO^lA current flows. 

• PS pin must be set "L" at Power-ON. 

Table.8 PS PIN SETTING 


PSpIfi 

Status 

H 

Normal mode 

L 

Power saving mode 


Table.9 ZC PIN SETTING 


ZCptn 

Do output 

H 

Normal output 

L 

High impedance 


4 - 
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PHASE COMPARATOR OUTPUT WAVEFORM 


[FC = ”H”] 


J Jl." I L 

■ r.r.I” 


( FC = ”L” ] 




1. Phase error detection range: -2k to +2n 

2. Pulses on Do output signal during locked state are output to prevent dead zone, 

3. LD output becomes low when phase is twu or more. LD output becomes high when phase error is twi 
or less and continues to be so for three cysles or more. 

4. twu and twL depend on OSCin input frequency. 

twu > 8/fosc (e. g. twu > 625ns, foscin = 12.8 MHz) 
tWLi 16/fosc (e. g. tWL < 1250ns, foscin = 12.8 MHz) 

5. LD becomes high during the power saving mode (PS = ”L”.) 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Remark 

Min 

Tip 


Supply voltage 

Vcc 

2.7 

3.0 

3.6 

V 


Vp 

Vcc 

- 

6.0 

V 


Input voltage 

V| 

GND 

- 

Vcc 

V 


Operating temperature 

Ta 

-40 

- 

+85 

°c 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 
*- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 


ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

typ 

Max 

Power Supply Current *1 

MB15E05 

Icc 

fin|F = 2000MHz, 
fosc = 12MHz 

- 

6.0 

- 

mA 

MB15E06 

Icc 

finRF = 2500MHz, 
fosc = 12MHz 

- 

7.0 

- 

Power Saving Current *2 

Ips 

Vcc current at PS =”L 
and ZC = ”H”” 

- 

- 

10 

pA 

Operating Frequency 

MB15E05 

fin 


100 


2000 

MHz 

MB15E06 

fin 


100 

- 

2500 

I Crystal Oscillator Operating Frequency 

fosc 

min. 500mVp-p 

3 

- 

40 

Input Sensitivity 

fin 

Pfin 

500 termination (Refer 
to the test circuit.) 

-10 

- 

+2 

dBm 

OSCin 

Vosc 


500 

- 

Vcc 

mVp-p 


*1: Conditions; Vcc == 3.0V, Ta = 25°C, in locking state. 

*2: Conditions; Vcc = 3.0V, Ta = 25°C, in power saving state. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 


Input Voltage 

Data. Clock, 

ViH 


VccxO. 7 

- 

- 

H 

LE. PS. ZC 

V,L 


- 

- 


m 


Data, Clock. 

I.H 


-1.0 

- 

+1.0 

pA 


LE. PS 

■■ 


-1.0 

- 

+1.0 


ZC 

IlH 


-1.0 

- 

+1.0 

HA 

Input Current 

liL 

Pull up input 

-100 

- 

0 


OSCin 

IlH 


0 

- 

+100 

pA 


I.L 


-100 

- 

0 


<I>p 

Voc 

Open drain output 

- 

- 

0.4 

V 


<hR. 

VoH 


Vcc-0.4 

- 


\t 

Output Voltage 

LD/fout 

VoL 


- 

- 

0.4 



Do 

VoOH 


Vcc-0.4 

- 

- 

v 


VoOL 


- 

- 

0.4 


High impedance 

Cutoff Current 

Do 

loFF 


- 

- 

1.1 

^tA 


(I)P 

loL 

Open drain output 

1.0 


- 

mA 


OR. 

loH 


- 

- 

-1.0 

mA 

Output Current 

LD/fout 

lot 


1.0 

- 

- 


Do 

Idoh 

Vcc = 3.0V. Vp = 5V, 

Vdoh = 4.0V 

- 

-10.0*1 

- 

mA 


Idol 

Vcc = 3.0V. Vp = 5V, 

VOOL = 1 .OV 


10.0*1 

- 


1: Condition ; Ta = 25°C 
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.— ■ ■ DATA SHEET 

MB1505 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


LOW POWER SERIAL INPUT PLL 
SYNTHESIZER WITH 6 OOMH 2 PRESCALER 

The Fujitsu MB1505, utilizing BI-CMOS technology, is a single chip serial Input PLL 
synthesizer with pulse-swallow function. The MB1505 contains a 600MHz two 
modulus prescaler that can select of either 32/33 or 64/65 divide ratio, control signal 
generator, 16-bit shift register, 15-bit latch, programmable reference divider (binary 
14-bit programmable reference counter), 1-bit switch counter, phase comparator 
with phase conversion function, charge pump, crystal oscillator, 19-bit shift register, 
18-bit latch, programmable divider (binary 7-bit swallow counter and binary 11-bit 
programmable counter) and analog switch to speed up lock up time. 

it operates supply voltage of 5V typ. and achieves very low supply current of 6mA typ. 
realized through the use of Fujitsu Advanced Process Technology. 


FEATURES 

• High operating frequency: fiN iviax=600MHz (Pin min= -4dBm) 

• Pulse swallow function: 32/33 or 64/65 

• Low supply current: Ice typ. 

• Serial input 18-bit programmable divider consisting of: 

— Binary 7-bit swallow counter: 0 to 63 

— Binary 11-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 

— Binary 14-bit programmable reference counter: 8 to 16383 

— 1 -bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2 types of phase detector output 

— On-chip charge pump (Bipolar type) 

— Output for external charge pump 

• Wide operating temperature: -40‘’C to +85°C 

• 16-pin Plastic DIP Package (Suffix: —P) 

16-pin Plastic Flat Package (Suffix: —-PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vec 

-0.5 to +7.0 

V 

Vp 

Vec to 10-0 

V 

Output Voltage 

VOUT 

-0.5 to Vec +0.5 

V 

Open-drain Voltage 

Voop 

—0.5 to 0.8 

V 

Output Current 

loUT 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

“C 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceed- 

ed.Functional operation should be restricted to the conditions as detailed in the operational 
sections of this datasheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



Plastic Package 
DIP-16P-M04 



Plastic Package 
DIP-16P-M02 


Pin Assignment 

0SC|N Q 


il 0R 

oscoijT m 


H 0p 

Vp [3 


3 foUT 

Vcc [i 


il BiSW 

Do Q 

(TOP VIEW) 

jl FC 

GND [i 


ij] LE 

LD Q 


H Data 

fiN H 


Jl Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
It is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit. 


Copyright © 1990 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin 

No. 

Pin 

Name 

I/O 

Description 

1 

2 

OSCiN 

OSCouT 

1 

0 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSC|n and OSCqijt- 

3 

Vp 

- 

Power supply input for charge pump and analog switch. 

bh 

Vcc 

- 

Power supply voltage input. 

5 

Do 

0 

Charge pump ou^ut. 

The characteristics of charge pump is reversed depending upon FC input. 


GND 

- 

Ground 

B 

LD 

0 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference of fr, and fp exists, this 
pin outputs low level. 

8 

f|N 

' 

Prescaler input. 

The connection with an external VCO should be AC connection. 

9 


a 

Clock input for 19-bit shift register and 16-bit shift register. 

On rising edge of the clock shifts one bit of data into the shift registers. 

10 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit Is high level and LE Is high level, the data stored In shift register is transferred to 15-bit latch. 
When this bit is low level and LE is high level, the data is transferred to 16-bjt latch. 

11 

LE 

■ 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored in shift register is transferred into latch depending upon the control 
bit. At the time, internal charge pump output to be connected to BISW pin because internal analog switch 
becomes ON state. 

12 

FC 

— 

1 

Phase select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is reversed. 

FC input signal Is also used to control four (test pin) output level for f, or fp. 

B 

BISW 

0 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE pin is high level), this 
pin ou^uts internal charge pump state. 

B 

^OUT 

0 

Monitor pin of phase comparator input. 

four pin outputs either programmable reference divider output (fr) or programmable divider output (fp) 
depending upon FC pin input level. 

15 

16 

0P 

0R 

0 

o 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when toad enable pin is high level or open, stored 
data Is transferred into latch depending upon the control bit. 

Control data “H” data is transferred Into 15-bit latch. 

Control data “L” data is transferred into 18-bit latch. 


PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-blt shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 


- Control bit 

Divide ration of prescaler setting bit- 

1- LSB 

V V 

MSB -1 

V V 


C 

s 


S 

s 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W 


<- Divide ratio of programmable reference counter setting bit -> 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

14 

— 

S 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

S 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW: This bit selects divide ratio of prescaler. 

SW=H : 32/33 
SW=L :64/65 

SI to SI4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data is input from MSB side. 


PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format Is shown on following page. 
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Control bit 
LSB 


MSB 


c 

s 

s 

S 

S 

S 

s 

S 

S 

S 

“5” 

-s- 

“S“ 




"5” 



1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

0 

1 

1 

1 

2 

1 

3 

1 

4 

1 

5 

1 

6 

1 

7 


< - Divide ratio of swallow 

counter of setting bit 




Divide ratio of programmable 
counter of setting bit 



7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

s 

s 

s 

s 

s 

s 

s 

A 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

I 1 

1 


NOTE: Divide ratio: 0 to 63 

S7 should be set to zero 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

1 

8 

s 

1 

7 

s 

1 

6 

s 

1 

5 

s 

1 

4 

s 

1 

3 

s 

1 

2 

s 

1 

1 

s 

1 

0 

s 

9 

S 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 63) 

S8 to S18: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 

^vco = [(PxN)+A] X fosc + R 

fvoo* Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0 ^ A < 63, A<N) 

fosc- Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 

P: Preset modulus of external dual modulus prescaler (32 or 64) 
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Serial Data Input Timing 



NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one bit of data in the shirt register. 


PHASE CHARACTERISTICS 

FC pin is provided to change phase characteristics of phase comparator. Characteristics of internal charge pump output level (Dq), 
phase comparator output level (0R, 0 P) are reversed depending upon FC pin input level. Also, monitor pin (foui) output level of phase 
comparator is controlled by FC pin input level. The relation between outputs (Dq, 0R, 0P) and FC input level are shown below. 



FC=H or open 

FC=L 

Do 

0R 

0P 

fou 

T 

Do 

0R 

0P 

fou 

T 

fr>fp 

H 

L 

L 

(fr) 

L 

H 

Z 

(fp) 

fr< fp 

L 

H 

Z 

(fr) 

H 

L 

L 

(fp) 

fr = fp 

Z 

L 

Z 

(fr) 

Z 

L 

Z 

(fp) 


Note: Z (High impedance) 



VCO CHARACTERISTICS 
Depending upon VCO characteristics, 
FC pin should be set accordingly: 

— When VCO characteristics are like 1, 
FC should be set High or open circuit; 

— When VCO characteristics are like 2, 
FC should be set Low. 
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NOTES: Phase difference detection range: — 2k to +2k 

Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When ff > fp or fr < fp. spike might not appear depending upon charge pump characteristics. 


ANALOG SWITCH 

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Dq) to be 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE=H (Changing the divide ratio of internal prescaler): Analog switch=ON 
LE=L (Normal operating mode): Analog switch=OFF 

LPF time constant Is decreased in order to insert a analog switch between LPF1 and LPF2 when channel of PLL is changing. 

Thus, lock up time is decreased, that is, fast lock up time is achieved. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

Vp 

8.0 

V 

Input Voltage 

Vt 

GND 


Vcc 

V 

Operating Temperature 

Ta 

-40 


85 

“C 
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ELECTRICAL CHARACTERISTICS 




Symbol 

Condition 

Value 

Unit 

Parameter 


Min 

Typ 

Max 

Power Supply Current 


Ice 

Note 1 


6.0 


mA 

Operating Frequency 

^in 

^in 

Note2 

10 


600 

MHz 

OSC|N 

^OSC 



12 

20 

MHz 

Input Sensitivity 

lin 

Pfin 


-4 


6 

dBm 

OSCiN 

Vosc 


0.5 



Vpp 

High-level Input Voltage 

Except f|n 

V|N 


VccxO.7 



V 

Low-level Input Voltage 

and OSCtN 

ViL 




VccxO.3 

V 

High-level Input Current 

Data 

l|H 



1.0 


liA 

Low-level Input Current 

Clock 

IlL 



-1.0 


|iA 

Input Current 

OSCiN 

lose 



±50 


liA 

LE.FC 

Ile 



-60 


liA 

High-level Output Current 

Except Do 
and OSC- 

OUT 

VoH 

Vcc = 5V 

4.4 



V 

Low-level Output Current 

VoL 




0.4 ^ 

V 

N-channel Open Drain Cutoff 
Current 

Do. 0P 

•off 

Vp:.Vccto 8V 
VooP= GND to 8V 



1.1 

pA 

■ 

Output Current 

Except Do 
and OSC- 

OUT 

Iqh 


-1.0 



mA 

loL 


1.0 



mA 

Analog Switch On Resistor 


Ron 



25 


Q 


NOTE: 1: f in ~ 600MHz, OSC|n=12MHz, Vcc- 5V. Inputs are grounded and outputs are open. 

2: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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TYPICAL APPLICATION EXAMPLE 



Vp, Vpx : 8Vmax 

Ci, C 2 : Depends on crystal oscillator 
LE, FC : With internal pull up resistor 
0P : Open drain output 
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PACKAGE DIMENSIONS 


16-Lead Plastic Flat Package 
(Case No.: FPT-16P-M02) 



Dimensions in 

©1988 FUJITSU LIMITED F16005S-4C inches (millimeters) 
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DATA SHEET 


FUpSU 


MB1506 ASSP for DTS Bi-CWlOS (For2.0 GHz band) 
PLL Frequency Synthesizer with Built-in Prescaler 


m DESCRIPTION 

The Fujitsu MB1506 is a PLL (phase-locked loop) frequency synthesizer, ideally suited for DBS tuner, MCA radio 
and similar wireless communications devices. 

The MB1606 features a 2.0 GHz, two-modulus prescaler to enable pulse-swallow type processing, as well as 
analog switches for faster lock up time. 

Fujitsu’s Bi-CMOS process is used for low power consumption of Icc = 18 mA (typ.). 

■ FEATURES 

• High speed operation: fin = 2.0 GHz 

• Low power consumption: Icc - 18 mA (typ.) 

• Wide operating temperature range: Ta = ~40®C to +85°C 

• Two types of phase comparator output (built-in charge pump, external charge pump) 

• Built-in functions: 

16-bit shift register 
15-bit latch 

Reference frequency divider 

Binary 14-bit programmable reference counter (divide ratio: 8 to 16383) 

1 -bit switch counter 
19-bit shift register 
19-bit latch 

(Continued) 

■ PACKAGE 


Plastic SSOP, 20-pin 



(FPT-20P-M03) 


Copyright© 1995 by FUJITSU LIMITED 
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(Continued) 

Comparison dividers 

Binary 8*bit swallow counter (divide ratio: 0 to 255) 

Binary 11-bit programmable counter (divide ratio: 16 to 2047) 

Phase comparator with phase conversion function 

2.0 GHz band two-modulus prescaler (divide ratios: 128/129, 256/257) 

Control signal generator circuit 

Crystal oscillator circuit 

Monitor frequency switching circuit 

Charge pump 

1-blt control latch 

Analog switch 


■ PIN ASSIGNMENT 


OSCiN [2 

(Top view) 

1 20 

3 ff 

N.C. [I 

2 19 

U N.C. 

OSCouT 

3 

18 

D ♦p 

Vp ^ 

4 

17 

^ tout 

Vcc [2 

5 16 

H BiSW 

Do [2 

6 

15 

□ PC 

GND [2 

7 

14 


ldC 

8 

13 

^ Data 

N.C. 

9 

12 

H N-C- 

fin 

10 

11 

^ Clock 


(FPT-20P-M03) 
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■ PIN DESCRIPTION 


Pin No. Pin name 


I/O 


Descriptions 


1 


OSCiN 


OSCouT 


Crystal oscillator connection pin for reference divider (OSCin = oscillator 
circuit input pin, and OSCout = oscillator circuit output pin) 


Vp 


Power supply pin for charge pump output and analog switch output 


Vcc 


Power supply pin 


Do 


On-chip charge pump output pin 

Phase characteristics may be Inverted according to the setting of the FC pin. 


GND 


GND pin 


LD 


Phase comparator output pin 

Normal setting is LD = “H" with an output signal LD = “L” equivalent to the 
duration of the phase error between fr and fp. 


10 


fin 


Prescaler input pin 

Use in an AC coupled state. 


11 


Clock 


Clock signal input pin for 19-bit shift register and 16-bit shift register 
Data is read on the rising edge of the clock pulse. 


13 


Data 


Serial data input pin for binary coded data 
The final data bit is the control bit. 


Control data 

Serial data transfer destination 

H 

15-bit latch 

L 

19-bit latch 


14 


LE 


Load enable signal input pin (with pull-up resistor) 

When LE = “H” or LE = "OPEN”, the contents of the shift register Is 
transferred to one of the latches according to the combination of serial data 
control bit settings. Also, when the internal analog switch is "on” at this time, 
the signal output from the internal charge pump is sent to the BiSW pin. 


15 


FC 


Phase comparator phase switching pin (with pull-up resistor) 

Enables inversion of the polarity of the phase comparator output, according 
to the polarity of externally connected LPF or VCO. When FC = “L” the 
charge pump and phase comparator characteristics are inverted. 

Also switches the output of the fout pin, either fr or fp. 


16 


BiSW 


Analog switch output pin 

Normally in high-impedance state, outputs the status of the internal charge 
pump only when the switch is turned on (LE = “H"). 


17 


fout 


Phase comparator input monitor pin 

According to the FC pin input level, this pin outputs either the output signal 
from the reference divider (fr) or the comparison divider (fp). 


FC 

Output signal 

H 

fr output equivalent 

L 

fp output equivalent 


(Continued) 
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(Continued) 


Pin No. 

Pin name 

I/O 

Descriptions 

18 

(frp 

0 

Phase comparator output signal pin for external charge pump 

Phase characteristics may be inverted according to the PC pin setting. 

The pin is N channel open-drain output. 

20 

<pR 

0 

2. 9.12. 

19 

N.C. 

— 

No connection. 
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■ FUNCTIONAL DESCRIPTION 

1. Divide Ratio Settings 

Setting values should be determined according to the following formula: 
fvco = [(M X N) + A] X fosc R (A < N) 
fvco: Externally connected VCO output frequency 
M: Prescaler frequency division ratio (128 or 256) 

N: Binary 11-bit programmable counter setting (16 to 2047) 

A: Binary 8-bit swallow counter setting (0 < A < 255) 
fosc; Reference oscillator frequency 

R: Binary 14-bit programmable reference counter setting (8 to 16383) 

2. Serial Data Input Methods 

Serial data input uses three pins, the Data pin, Clock pin and LE pin, and is used to separately control the 15-bit 
reference divider and 19-bit comparison divider. 

Serial data should be input in binary form at the Data pin. 

Serial data is read sequentially by the shift register at the rise edge of the clock signal, and is transferred to a latch 
together with the appropriate control data when the load enable signal goes to “H” level (or open). 


Control data 

Serial data transfer destination 

H 

15-bit latch 

L 

19-bit latch 
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(1) Divide Ratios in the Reference Divider 

The reference divider is configured with a 16-bit shift register, 15-bit latch and 14-bit reference counter. The serial 
data configuration has 16 bits, as shown below. 



Programmable reference counter divide 
ratio setting bits 

* 14-bit programmable reference counter divide ratios 


Divide 
ratio R 

S 

14 

s 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

s 

6 

s 

5 

s 

4 

S 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

: 

: 

• 

: 

: 

• 

• 

I 


: 

• 

• 

• 

: 

: 

16383 

' 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio of less than 8 are prohibited. 

(Setting value range: 8 to 16383) 



Data should be input with the MSB first, 
SW: Prescaler divide ratio setting bit. 


SW 

Prescaler divide ratio setting bit 

H 

128/129 

L 

266/257 


SI to SI4: Divide ratio setting bit (8 to 16383) 
C; Control bit (set to “H”) 
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(2) Divide Ratios in the Comparison Divider 

The comparison divider is configured with a 19-bit shift register, 19-bit latch, 8-bit swallow counter and 11-bit 
programmable counter. The serial data configuration has 19 bits, as shown below. 



• 7-blt swallow counter divide ratios 


Divide 

S 

s 

s 

s 

s 

s 

s 

s 

ratio A 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

: 

: 

• 


• 

: 

: 

: 

i • 

255 

1 

1 

1 

1 

1 

1 

1 

1 


(Setting value range: 0 to 255) 


» 11 -bit prgrammable counter divide ratios 


Divide 

S 

s 

s 

s 

s 

s 

s 

s 

S 

s 

s 

ratio N 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

: 

: 

• 

: 

: 

: 

: 

• 

: 

• 

: 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: Frequency divide ratios of less than 16 are 
prohibited, (setting value range: 16 to 2047) 


Data should be input with the MSB first. 

S1 to S8: Swallow counter divide ratio setting bits (0 to 255) 

S9to SI8: Programmable counter divide ratio setting bits (16 to 2047) 
C: Control bit (set to “L”) 

3. Serial Data input Timing 



Items in parentheses ( ) apply when setting divide ratios for the reference divider. 
Data is read at the rising of the clock signal. 
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4. FC Pin Input and Phase Characteristics 

The FC pin Is used for switching of phase relation in the phase comparator. This pin controls the inversion of phase 
characteristics In the internal charge pump output (Do) and phase comparator output ((t)R, <t>P). 

In addition, the output from the phase comparator input monitor pin (tout) can be controlled from the FC pin. The 
following table shows the relation between FC pin settings and the Do. (^P, and tout settings. 



FC: or open 

FC: “L” 

Do 

(|>R 

DP 

tout 

Do 

<|iR 

DP 

tout 

fr>fp 

H 

L 

L 


L 

H 

z 


fr = fp 

Z 

L 

Z 


Z 

L 

z 

— 

fr<fp 

L 

H 

Z 


H 

L 

L 

■H 


Z: High impedance 

In phase locked loop design, the FC pin should be controlled by VCO polarity. 


When VCO polarity is represented 
line (1), FC value is *‘H" or open. 

When VCO polarity is represented 
line (2), FC value is “L”. 
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The following diagram illustrates the phase comparator output waveform (FC = “H”). 



• The phase error detection range is -2 n to +2 71 . 

• Differences in charge pump characteristics may cause slight variation In spikes. The spike is output in order 
to eliminate dead zones. 

• Depending on charge pump characteristics, the spike may not be output when fr > fp, or when fr < fp. 

5. Analog Switch 

The analog switch is turned on/off by the LE signal. When the switch is on, the output signal from the Internal 
charge pump (Do) is output to the BiSW pin (when off, the pin remains In high impedance state). 


LE 

Analog switch 

H (when internal dividers' setting is changed.) 

On 

L 

Off 


As illustrated below, the analog switch can be inserted between the LPF (LPF1 + LPF2) so as to reduce the LPF 
time constant during PLL channel switching, thereby resulting in faster lock up time. 
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■ ABSOLUTE MAXIMUM RATINGS 


Parameter 

— 

Symbol 

Value 

Unit 

Min. 1 Max. 

Power supply voltage 

Vcc 

-0.5 

7.0 

V 

Vp 

Vcc 

10.0 

V 

Output voltage 

VOUT 

-0.5 

Vcc + 0.5 

V 

Open drain voltage 

Voop 

-0.5 

8.0 

V 

Output current 

lOUT 

-10 

10 

mA 

Storage temperature 

Tstg 

-55 

+125 

°C 


■ RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. Typ. 

Max. 

Power supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

— 

8.0 

V 

Input voltage 

ViN 

GND 

— 

Vcc 

V 

Operating temperature 

Ta 

-40 

— 

1 +85 

•’C 


Note: Protection against damage from static electricity has been provided by the addition of anti-static elements 
and precautionary measures in circuit design, however the following precautions are advised when 
handling: 

• Always place the MB1506 in a conductive case for storage and transporting. 

• Before handling, ensure that ail operators, fixtures and tools are protected from electrification (grounded), 
and provide a grounded conductive sheet on the operating floor. 

• Always ensure that power is switched off before inserting the device into or removing the device from any 
socket. 

• When handling (or transporting) any circuit board containing an MB1506 device, all leads should be 
protected with electro-conductive sheeting. 
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■ ELECTRICAL CHARACTERISTICS 


(Vcc = 4.5 V to 5.5, Ta = -40®C to +85°C) 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Power supply current 

Icc 

— 

18.0 

— 

mA 

Operating frequency 

fin** 

fin 

10 — 

2000 

MHz 

OSCiN 

fosc 


12 

20 

MHz 

Input sensitivity 

fin*^ 

Pfin 

-4 


6 

dBm 

OSCiN 

Vosc 

0.5 



Vp-p 

H level input voltage 

Except fin, 

OSCiN 

ViH 

Vcc X 0.7 

— 

— 

V 

L level input voltage 

VfL 

— 

— 

Vcc X 0.3 

V 

H level input current 

Data, Clock 

liH 

_ 

1.0 

— 

(lA 

L level input current 

IlL 


-1.0 

— 

HA 

Input current 

OSCi 

lose 


±50 

— 

pA 

LE, FC 

Ile 

— 

-60 

_ 

ma 

H level output voltage 

Except 

OSCouT 

VOH 

4.4 — 

— 

V 

L level output voltage 

VOL 

— 1 — 

-- ; --- 

0.4 

V 

High impedance cutoff current 

Do‘^ <j>P 

lOFF 


1.1 

pA 

Output current 

Except Do, 

OSCouT 

lOH 

-1.0: — 

— 

mA 

lOL 

1.0 - 

— mA 

1 

Analog switch on resistance 

Ron 

- 25 

- ! Q 


*1: Power supply current measurement conditions: Connection to a crystal with Vcc = 5 V, fiN = 2.0 GHz, fosc = 12 
MHz. 

*2: AC coupled. Minimum operating frequency is measured with a coupling of 1000 pF. 

*3: 50 system 
*4: At Vcc = 5 V 

*5: Vp = Vcc to 8 V. Voop = GND to 8 V 
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■ PACKAGE DIMENSION 


Plastic SSOP, 20 pin 
(FPT-20P-M03) 



■ 



iHMiHiKH 



(.0256±.0047) T.009:^S) 


fajTiJTjnrir^ 

L _ S.85(.230)REF _ J 
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MB1507 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 2.0GHz PRESCALER 

The Fujitsu MB1507 is a single chip serial input PLL frequency synthesizer designed for 
Broadcast Satelite tuner and cellular telephone applications. 

It contains a 2.0 GHz dual modulus prescaler which enables pulse swallow function, and an 
analog switch to speed up lock up time. 

It operates supply voltage of 5.0V typ. and dissipates 18mA typ. of current realized through the 
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 

• High operating frequency: f|N max=2.0GHz (P|n MiN--4dBm) 

• Pulse swallow function: 128/129 or 256/257 

• Low supply current: lcc=18mA typ. 

• Serial input 19-btt programmable divider consisting of: 
o Binary 8-bit swallow counter: 0 to 255 

o Binary 11 -bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter: 8 to 16383 

o 1 -bit switch counter (SW) Sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: ~40°C to +85°C 

• 16-pin Plastic Flat Package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -^7.0 

V 

Vp 

Vcc 10 18-8 

V 

Output Voltage 

VOUT 

-0.5 to Vcc +0.5 

V 

Open-drain Voltage 

Voop 

-0.5 to 8.0 

V 

Output Current 

loUT 

+10 

mA 

Storage Temperature 

Tstg 

-55 to+125 



NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 

are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
FPT-16P-M06 


PIN ASSIGNMENT 

osc,N [T 

o 

^ 0R 

OSCouT 


0P 

Vp [T 


^ four 

Vcc 

TOP VIEW 

1^1 BISW 

Do|T 


^ FC 

GND [T 


TT] LE 

ld[7 


Data 

<IN ^ 


T] Clock 


This dwice contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voit- 
ages to this high impedance circuit._ 


Copyright© 1995 FUJITSU LIMITED and FUJITJU MICROELECTRONICS, INC. 
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PIN DESCRIPTION 


Pin No. 

PlnNomo 

MO 

Doocriptlon 

■ 

OSCiN 

OSCouT 

1 

0 

Oscillata input. 

Oscillator output. 

A crystal is placed between OSC|n and OSCqut- 

3 

Vp 

- 

Power supply input for charge pump and analog switch. 

4 

Vcc 

- 

Power supply voltage input. 

5 

Do 

0 

Charge pump output. 

The characteristics of charge pump Is reversed depending upon FC input. 

6 

GND 

- 

Ground. 

7 

LD 

0 

Phase comparator output. 

Normally the output level is high level. While the phase difference of fr and fp exists, the output be¬ 
comes low level. 

8 

f|N 

1 

Prescaler input. 

The connection with VCO should be AC connection. 

9 

Clock 

1 

Clock input for 20-bit shift register and 16-bit shift register. 

On rising edge of the clock shifts one bit of data into the shift registers. 

10 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. When this bit is 
high level and LE Is high level, the data stored in shift register is trmisfenred to 15-bit latch. When 
this bit is low level and LE is high level, the data is transferred to 19-bit latch. 

11 

LE 

f 

Load enable input (with puH up resistor). 

When LE is high or open, the data stored in shift register is transferred info latch depending upon the 
control bit. At the time, internal charge pump output to be connected to BISW pin because internal 
analog switch becomes ON state. 

12 

FC 

1 

Phase select input of phase comparator (with pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is reversed. 

FC pin input signal controls fout P*h (test pin) output level, fr or fp. 

13 

BISW 

0 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE pin is high 
leveO, this pin outputs internal charge pump output. 

14 

loUT 

0 

Monitor pin of phase comparator input. 

fout pin outputs programmable reference divider output (fr) or programmable divider output (fp) de¬ 
pending upon FC pin input level. 

FC-H: It is the same as fr output level. 

FC*L: It is the same as fp output level. 

15 

16 

0P 

0R 

0 

0 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 


Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable reference divider 
and 19-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of dock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, stored data is 
transferred into latch depending upon the control bit. 

Control data ’H" data is transferred into 15-bit latch. 

Control data ”1* data is transferred into 19-bit latch. 

THE DIVIDE RATIO SETTING 


lvCO*[(MxN)+A]xfosC'^ R 

fvco- Output frequency of external voltage controlled oscillator (VCO) 

M: Preset modulus of external dual modulus prescaler (128 or 256) 

N: Preset divide ratio of binary ll-bH programmable counter (16 to 2047) 

A: Preset divide ratio of binary 8-bit swallow counter (0^A^55, A<N) 

lose: Output frequency of the external reference frequency oscillator 

R: Preset divide ratio of binary 14'blt programmable reference counter (8 to 16383) 

PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-btt reference counter. Serial 16-bit data format is shown below. 




Control bit 
LSB 


Divide ratio of prescaler setting bit 
MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W 


Divide ratio of programmable reference counter setting bit 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

14 

s 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

# 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW: This bit selects divide ratio of prescaler. 

SW=H : 128/129 
SW=L : 256/257 

SI to Si 4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high leveO- 
Data is input from MSB side. 
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PROGRAMMABLE DIVIDER 


Programmable divider consists of 20-bil shift register, 19*bit latch, 8-bit swallow counter and 11-bit programmable counter. 
Serial 20-bit data format is shown below. 


Control bit 

LSB MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

s 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Divide ratio of swallow counter I Divide ratio of programmable counter 

setting bit \ setting bit 



8-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

A 

S 

8 

S 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

255 

1 

1 

1 

1 

1 

1 

1 

1 



NOTE: Divide ratio: 0 to 255 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

s 

19 

s 

18 

s 

17 

s 

16 

s 

15 

s 

14 

s 

13 

S 

12 

S 

11 

s 

10 

s 

9 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohbited. 

Divide ratio: 16 to 2047 

SI to S8: Swallow counter divide ratio setting bit. (0 to 25^ 

S9 to SI 9: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets to low level). 

Data is input from MSB side. 
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SERIAL DATA INPUT TIMING 




Data S19=MSB ] 


9 


;sio 

•<SW) 

1 <S14) (S7) 1 

(S6) 

Clock ^ 


T _ : 

L 

JI_ 

LE 





r 


*5* 




NOTES: Parenthesis data is used for setting divide ratio of provammable reference divider. 
On rising edge of clock shifts one bit of data into the ^ift register. 


PHASE CHARACTERISTICS 


PC pin is provided to change phase polarity of phase comparator. Characteris¬ 
tics of internal charge pump output level (Do), phase comparata output level 
(0R. 0P} are reversed depending upon FC pin input level. Also, monitor pin 
(fout) output level of phase comparator is controlled by FC pin input level. 



FC-H or open 

FC=L 1 

Do 

0R 

0P 

w 

Do 

0R 

0P 


<r><p 

H 

L 

L 

(fr) 

L 

H 

Z 

(fp) 


Z 

L 

Z 

(fr) 

Z 

L 

Z 

(fp) 

V<fp 

L 

H 

Z 

(« 

H 

L 

L 

(fp) 


Note: Z=(Hlgh impedance) 


VCO POLARITY 



Depending upon VCO polarity, FC pin should be set accordingly: 

When VCO polarity are like . FC should be set High or open circuit; 
When VCO polvity are like ^, FC should be set Low. 
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PHASE DETECTOR OUTPUT WAVEFORM (FC=Hlgh) 



NOTES: Phase difterence detection range: -2n to -^271 

Spite appearance depends on charge pump characteristics. Also, the spite is output in order to diminish dead band. 
When fr>tp or fr<tp. spike might not appear depending upon charge pump characteristics. 


ANALOG SWITCH 

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Dq) is connected to BISW pin. 
When the analog switch is OFF, BI-SW pin is set to high-impedance state. 


LE 

Analog Switch 

H(Changing the divide ratio of internal prescaler) 

ON 

L(NonTial operating mode) 

OFF 


When an analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL channel switching. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

UnK 

Min 

TVP 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

- 

8.0 

V 

Input Voltage 

V| 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

85 



HANDUNG PRECAUTIONS 

• This device should be transported and staed in anihstatic containers. 

• This is a static>sensilive device; take proper anIi-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover 
workbenches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or bxinsporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

lyp 

Max 

Power Supply Current 

Ice 

Note 1 

- 

18.0 

- 

mA 


fin 

^in 

Note 2 

10 

- 

2000 

MHz 


OSCiN 

fosc 

— 


12 

20 

MHz 

Input Sensitivity 


Pfin 

50Q 

-4 

- 

6 

dBm 

OSC|N 

Vosc 

— 

0.5 

- 

- 

Vpp 

High-level Input Voltage 

Except f|n 

V|H 

— 

VccxO.7 

- 

- 

V 

Low-level Input Voltage 

and OSCiN 

V|L 

— 

- 

- 

VccxO.3 

V 

High-level Input Current 

Data 

l|H 

— 

- 

1.0 

- 

flA 

Low-level Input Current 

Clock 

l|L 

— 

- 

-1.0 

- 

MA 

Input Current 

OSCjN 

lose 


- 

±50 

- 


LE.FC 

Ile 

— 

- 

-60 

- 

^lA 

High-level Output Current 

Except Do 

VOH 

Vcc=5V 

4.4 

- 

- 

V 

Low-level Output Current 

and OSCouT 

VoL 

- 

- 

0.4 

V 

High Impedance 

Cutoff Current 

Do. 0P 

loFF 

VpsVcc to 8V 
Voop=GNDto8V 


- 

1.1 

\LA 

Output Current 

Except Do 

loH 

— 

~1.0 

- 

- 

mA 

and OSCouT 

lOL 


1.0 

- 

- 

mA 

Analog Switch On Resistance 

Ron 


- 

25 

- 

Q 


NOTE 1; fin=2.0GHz, fosc =12MHz X'tal Vcc~5V. Inputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating frequency Is measured with a capacitor lOOOpF. 
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TYPICAL APPLICATION EXAMPLE 
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SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL 
FREQUENCY SYNTHESIZER 
ON CHIP 2.5 GHz PRESCALER 


DESCRIPTION 

The Fujitsu MB1508 with an on chip 2.5 GHz dual modulus prescaler Is a serial input 
PLL (Phase Locked Loop) frequency synthesizer with pulse swallow function. It is 
well suited for BS tuner, CATV system, and TV tuner applications. 

it operates with a supply voltage of 5.0V typ. and dissipates 16mA typ. of current 
realized through the use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 


FEATURES 

• Power supply voltage: Vcc = 4.5 to 5.5V 

• High operating frequency: f|N = 2.5 GHz (Pin = -4dBm) 

• 2.5 GHz dual modulus prescaler: P = 256/272, 512/528 

• Low supply current: Ice = 16mA typ. 

• Programmable reference divider consisting of: 

Binary 2-bit programmable reference counter (R = 256, 512,1024, 2048) 

• Programmable divider consisting of: 

Binary 5-blt swallow counter (A = 0 to 31) 

Binary 12-bit programmable counter (N = 32 to 4095) 

• Wide operating temperature: -40®C to +85°C 

• Plastic 20-pin Flat Package (Suffix: —PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Output Voltage 

Vo 

-0.5 to Vcc +0.5 

V 

Output Current 

Iq 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

"C 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceed¬ 

ed. Functional operation should be restricted to the conditions as detailed in the operational 
sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



Plastic Package 
FPT-20P-M01 


Pin Assignment 


(TOP VIEW) 


FC H 1 
LE C 2 
Data □ 3 
Clock C 4 
Vcci C 5 
OSCiN C 6 
OSCouC 7 
GND Cl 8 

D0i Cl 9 

DO 2 II 10 


20 


LD 


19 ^ four 
18 □ Vcc 2 
17 □ fiN 
16 □ GND2 
15 □Tn 
14 □ BC1 
13 □ BC2 
12 □ BC3 
11 □ BC4 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higherthan maximum rated voltages 
to this high impedance circuit. 


Copyright © 1991 by FUJITSU LIMITED 
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MB1508 BLOCK DIAGRAM 


LD 


FC 


four 


Veer 


GND2 


BC1 


BC2 


BC3 


BC4 



LE 


Data 


Clock 


Veci 


OSCr 


OSCou. GND1 


Doi 


Do2 


4-198 
























MB1508 


PIN DESCRIPTIONS 


Pin No. 


Pin Name 


I/O 


Descriptiona 


1 FC 


Phase select input pin of the phase detector. This pin involves an internal pull up resistor. 

When this pin is low, characteristics of the charge pump and phase detector can be reversed. This 
input also selects four pin output level, either fr or fp. Please see on page 6. 


2 LE 


Load enable input pin. This pin involves a schmitt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch. 


3 Data 


4 Clock 


5 J Vcci 


I Serial data of binary code input pin. This pin involves a schmitt trigger circuit. 


I Clock input pin of the 24-bit shift register. This pin involves a schmitt trigger circuit. 

On rising edge of the clock shifts one bit of the data into the shift register. 


PLL power supply voltage input pin. 


6 OSCiN 

7 OSCouT 


Oscillator input pin. 

Oscillator output pin, 

A crystal is connected between OSCin pin and OSCout pin. 


8 GND1 


PLL ground pin. 


9 

10 


Doi 

Do2 


O Charge pump output pins. 

O Phase characteristics can be reversed depending upon FC pin input level. 


11 BC4 

12 BC3 

13 BC2 

14 BC1 


O 

o 

o 


Band switching output pins. (Open-collector output) 
Output is controlled by a band bit data, individually. 
BCX-bit=H ; BCX output transistor is ON. 
BCX-bit==L : BCX output transistor is OFF. 

(X=:1 to 4) 


15 fin I I Complementary input pin of f«. Please connect to GND through a capacitor. 


16 


GND2 


Prescaler ground pin. 


17 fin I Prescaler input pin, 

This signal is AC coupled. 


18 


Vcc 2 


Prescaler power supply voltage input pin. 


19 


four 


O 


Monitor pin of the phase detector input. 

four pin outputs either of the programmable reference divider output frequency fr or programmable 
divider output frequency fp depending upon the FC pin input level. 


FC pin 

fout output signal 

H 

fr 

L 

fp 


20 


LD 


O 


Phase detector output pin. 

Normally this pin outputs high. While the phase difference between frand fp exists, this pin outputs 
low. 


4 - 
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FUNCTIONAL DESCRIPTIONS 

DIVIDE RATIO SETTING 

Divide ratio can be set using the folio wing equation: 
fvco » {(P X N) + (16 X A)} X fosc + R 

fvco: Output frequency of an external voltage controlled oscillator (VCO) 

P; Preset divide ratio of an internal dual modulus prescaler (256 or 512) 

N: Preset divide ratio of binary 12-bit programmable counter (32 to 4095) 

A: Preset divide ratio of binary 5-bit swallow counter (0 to 31) 
fosc: Reference oscillator frequency 

R: Preset divide ratio of reference counter (256,512.1024,2048) 

SERIAL DATA I NPUT 

On rising edge of the clock shifts one bit of the data into the shift register. 

When the load enable Is high, the data stored in the shift register is transferred to the latch. 

24 bit of serial data formit is shown below. 


£1 


Data Input Flow 


LSB 


MSB 


A 

A 

A 

A 

A 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

11 


R 

1 

R 

2 

B 

C 

4 

B 

C 

3 

B 

C 

2 

B 

C 

1 



L_J 


Divide ratio of swallow 
counter setting bit 


Divide ratio of programmable 
counter setting bit 

Divide ratio of prescaler setting bit * 
Divide ratio of reference counter setting bit 


Band switch 
setting bit 


5-bit swallow counter divide ratio (A1 to A5) 


Divide ratio 

A 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

0 

0 

1 

0 







31 

1 

1 

1 

1 

1 


12-bit programmable counter divide ratio (N1 to N12) 


Divide ratio 

N 

12 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

32 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

33 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

34 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 














4095 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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FUNCTIONAL DESCRIPTIONS 


Reference counter divide ratio {R1 to R2) 


Divide ratio 

R 

' '"1 

R 

2 

R 

1 

256 

0 

0 

512 

0 

1 

1024 

1 

0 

2048 

1 

1 


Prescaler divide ratio (SW) 

When divide ratio of prescaler setting bit is high, divide ratio of 256/272 is selected. 
When divide ratio of prescaler setting bit is low, divide ratio of 512/528 is selected. 


Band Switch Setting (BC1 to BC4) 

When band switch setting bit is high, output is ON. 
When band switch setting bit is low, output is OFF. 



SERIAL DATA INPUT TIMING 



Note: On rising edge of the clock shifts one bit of the data into the shift register. 

When LE is high, the data stored the shift register is transferred into the latch. 
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PHASE DETECTOR CHARACTERISTICS 

PC pin selects the phase of the phase detector. Phase characteristics (chage pump output) can be reversed depending upon the PC pin 
input level. Monitor pin (tout) output level is selected by the PC pin input level as well. 



PC = H (or open) 

PC = L 

Doi, Doe 

(out 

Doi, Doe 

fout 

fr > fp 

H 

Outputs programmable 
reference divider output 
frequency fr. 

L 

Outputs programmable 
divider output 
frequency fp. 

fr = fp 

Z 

Z 

fr< fp 

L 

H 


Note: 

Z; High-impedance 


VCO POLARITY 

Depending upon the VCO polarity, PC pin should be set ac¬ 
cordingly. 


© 

\ 

/ 

/ 

/ 

When VCO polarity is like 1, 

PC should be set high or open. 

When VCO polarity is like 2, 

PC should be set low. 

VCO Output 
Prequency 







VCO Input Voltage-► 



Spike shape depends on the charge pump characteristics. 
The spike is output to diminish the dead band. 
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY) 



RECOMMENDED OPERATING CONDITIONS 


Paramefer 

Symbol 

Value 

mt 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage 

V, 

GND 


Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

^c 


HANDLING PRECAUTIONS 

• This device should be b'ansported and stored in anti>static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 



MB1508 


ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Min 

lyp 

Max 

Unit 

Power Supply Current 

Ice 

Note 1 

- 

16.0 

— 

mA 

Operating Frequency 

^in 

f|n 

Note2 

10 

-- 

2500 

MHz 

OSCiN 

fosc 

— 

— 

4 

10 




2300 to 2500MHz 

-4 

— 

6 


Input Sensitivity 

fin 

Pfin 

1900 to 2300MHz 

-7 

- 

6 

dBm 



10 to 1900MHz 

-10 

- 

6 



OSCiN 

Vosc 

— 

0.5 

- 

- 

Vpp 

High-level Input Voltage 


V|H 

- 

VccxO.7+0.4 

-> 

- 


Low-level Input Voltage 

ViL 

— 

— 

— 

VccxO.3-0.4 

V 

High-level Input Current 

Data 

Clock 

LE 

l|H 

— 

— 

1.0 

- 


Low-level Input Current 

l|L 

- 

- 

-1.0 

- 

pA 

FC 

l|LFC 

- 

- 

-60 

- 

Input Current 

OSCiN 

lose 

— 

— 

+50 

- 


High-level Output Voltage 

Except Do 
and 

BC1 to BC4 

VOH 

Vcc-s.ov 

4.4 

- 

— 

\/ 

Low-level Output Voltage 

VoL 

— 

- 

0.4 

V 

High Impedance 

Cutoff Current 

B8VS'ic4 

'off 

- 

- 

- 

1.1 

pA 

High-level Output Current 

Except Dq 
and 

BC1 to BC4 

bH 

- 

-1.0 

- 

- 


Low-level Output Current 

'OL 

- 

1.0 

- 

- 

Withstand Output Voltage 

BC1 to BC4 

Vb 

- 

- 

- 

12 

V 


NOTE: 1: f ^ = 2.5GHz, OSC|m=4.0MHz, Vcc= 5.0V. Inputs are grounded and outputs are open. 
2: AC coupling. Minimum operating frequency is measured with a capadtor lOOOpF. 
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MB1508 APPLICATION CIRCUIT 



Cl, C 2 : depends on the crystal oscillator. 
FC ; with Internal pull up resistor. 













PACKAGE DIMENSIONS 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 



r Details of “A " part 



©1990 FUJITSU LIMITED F20003S-5C 


Dimensions in 
inches (millimeters) 









Sept 1995 
Edition 3.0a 


FUJITSU 


- DATA SHEET 

MB1509 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 400MHz PRESCALER 

The Fujitsu MB1509 is a 400MHz dual serial input PLL (Phase Locked) frequency synthesizer 
designed for cordless telephone application. 

The MB1509 has two PLL circuits on a single chip: one for transmit and the other for reception. 
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit 
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains a 
high sensitivity charge pump for faster lock up time. 

The MB1509 incoiporates two 400 MHz dual modulus prescalers to enable implemention of a 
pulse swallow function. 

It operates supply voltage of 3.0V typ. and dissipates 8mA typ. of current realized through the 
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 


• High operating frequency: fin - 400MHz 

• Low power supply voltage: Vcc = 2.7 to 5.5V 



PLASTIC PACKAGE 
DIP-20P-M02 


PLASTIC PACKAGE 
FPT-20P-M01 


• Low power supply current: Icc = 8niA typ, @3V. 

• Wide operating temperature: Ta = -40 to 85°C 

• Two charge pumps 

Low sensKivity charge pump for transmit 
High sensitivity charge pump for reception 

• Plastic 20-pin dual in line package (Suffix: -P) 
Plastic 20-pln flat package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Vp 

Vcc to ^0.0 

Output Voltage 

VoUT 

-0.5 to Vcc +0.5 

V 

Output Current 

loUT 

±10 

mA 

Storage Temperature 

Tstg 

-55 to +125 

OC 


PIN ASSIGNMENT 

gndI 

1 

20 

Zl 

OSCinCI 

2 

19 

1 Data 

OSCoutCZ 

3 

18 


fini ^ 

4 

17 

^fln2 

VcciC 

5 

TOP 

^ VcC 2 



VIEW 


fr[Z 

6 

15 

□ tp 

LDiC 

7 

14 

1 U32 

VpiC 

8 

13 

□ Vp2 

DoiC 

9 

12 

^ Do2 

BSi C 

10 

11 

□ bS2 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit. 


Copyright ©1995 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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MB1509 BLOCK DIAGRAM 
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BLOCK DESCRIPTIONS 


TRANSMIT/RECEPTION BLOCK 

• 20-bit latch 

• Programmable divider consisting of: 

-Binary 7-blt swallow counter (Divide ratio; 0 to 127) 

-Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Phase detector with phase polarity change function 

• 400MHz dual modulus prescaler (Divide ratio: 32/33, 64/65) 

• Charge pump 



COMMON BLOCK 

• 23-bit shift register 

• Programmable divider consisting of: 

-Reference counter (Divide ratio: 512, 1024) 

-(Divide frequency = 25kHz, 12.5kHz (Crystal oscillator frequency = 12.8MHz) 

• Crystal oscillator 

• fp monitor output selector 

• Latch selector 

• Schmitt circuits 

• Analog switches 
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PIN DESCRIPTIONS 


Pin No. 


Pin Name 


I/O 


Descriptions 


1 GND 


Ground 


2 

3 


OSC|N 

OSCqut 


I 

o 


Oscillator input pin 
Oscillator output pin 

A crystal is connected between the OSCin pin and the OSCqut P'n. 


4 fIN 


I Prescaler input pin of transmit section 

The connection with VCO should be an AC connection. 


5 Vqci 


Power supply voltage input pin of transmit section 

When the power is OFF, the latched data of the transmit section Is cancelled. 


6 fr 


O 


Monitor pin for programmable reference divider output 


7 LD1 


O 


Lock detect signal output pin of transmit section 


Condition 

LD Pin Output Level 

Lock 

H 

Unlock 

L 


8 Vp, 


Power supply voltage input for charge pump and analog switch of transmit section 


9 Doi 


O 


Charge pump output pin of transmit section 

Phase characteristics of the phase detector can be reversed depending upon the FC-bit setting. 


10 


BS1 


BS2 


12 


Do2 


13 


14 


LD2 


O 


O 


O 


O 


Analog switch output pin of transmit section 

Usually this pin is in the high-impedance state. When SW is ON (LE=high), the charge pump output is 
connected to this pin. 


Analog switch output pin of reception section 

Usually this pin is in the high-impedance state. When SW is ON (LE = high), the charge pump output is 
connected to this pin. 


Charge pump output pin of reception section 

Phase characteristics of the phase detector can be reversed depending upon the FC-bIt setting. 


Power supply voltage input for charge pump and analog switch of reception section 


Lock detect signal output pin of reception section 


Condition 

LD Pin Output Level 

Lock 

H 

Unlock 

L 


15 


fp 


O 


Monitor pin for programmable divider output 

This pin outputs the divided frequency of the transmit section orthe reception section, depending upon 
the FP bit setting. 


FP Bit 

Output 

H 

Transmit section (fp1) 

L 

Reception section (fp2) 
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PIN DESCRIPTIONS (Continued) 


MB1509 


Pin No. 


16 


17 


Pin Name 


VcC2 


fino 


I/O 


Descriptions 

Power supply voltage input pin for reception section, programmable reference divider, shift register, 
and crystal oscillator 

When the power is OFF, the latched data of the reception section and the reference counter is can- 
celled. _ 

Prescater input pin of reception section 

The connection with VCO should be an AC connection. 


18 


LE 


Load enable input pin 

This pin involves a Schmitt trigger circuit. When this pin is high, the data stored In the shift register is 
transferred into the latch depending on the control data. 

At this moment, the charge pump output signal is output from the BS pin since the internal analog 
switch changes to ON. 


19 


Data 


Serial data input pin of 23’bit shift register 

This pin involves a Schmitt trigger circuit. The stored data in the shift register is transferred to either the 
transmit section or the reception section depending upon the control data. 


Control Bit Data 

Destination of Data 

H 

Latch of transmit section 

L 

Latch of reception section 


20 


Clock 


Clock input pin of 23-bit shift register 

This pin involves a Schmitt trigger circuit. On the rising edge of the clock, one bit of data shifts into the 
shift register. 


FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 


fvco = {(M X N) + A} X fosc R (A < N) 

fvco- Output frequency of external voltage controlled ocillator (VCO) 

M: Preset divide ratio of dual modulus prescaler (32 or 64) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

^osc- Reference oscillator frequency 

R: Preset divide ratio of reference counter (512 or 1024) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is input using three pins, Data pin, Clock pin, and LE pin. The programmable divider of the transmit section and the programmable 
divider of the reception section are controlled individually. 

Serial data of binary data is input into the Data pin. 

On the rising edge of the clock, one bit of serial data shifts Into the shift register. When the load enable signal is high, the data stored in the shift 
register Is transferred to either the latch of the transmit section or the latch of the reception section, depending upon the control bit data setting. 


Control Data 

Destination of Serial Data 

H 

Latch of transmit section 

L 

Latch of reception section 


SHIFT REGISTER CONFIGURATION 

Control bit 



N1 to N11 : Divide ratio of the programmable counter setting bit (16 to 2047) 

A1 to A7 : Divide ratio of the swallow counter setting bit (0 to 127) 

FC : Phase control bit of the phase detector 

PRE : Divide ratio of the prescaler setting bit {32/33 or 64/65) 

FP : Output of the programmable divider control bit (fpl or fp2) 

REF : Divide ratio of the reference counter setting bit (512 to 1024) 

CNT : Control bit 


SERIAL DATA INPUT TIMING 



On the rising edge of the clock, one bit of the data shifts into the shift register. 
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BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 













2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio less than 16 is prohibited 
Divide ratio (N) range = 16 to 2047 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 









127 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio (A) range = 0 to 127 


PRE : DIVIDE RATIO (P) OF THE PRESCALER SETTING BIT 
H = 32/33 
L = 64/65 

REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT 
H = 512 (fr = 25.0 kHz) 

L= 1024 (fr= 12.5 kHz) 

FP : OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT 

H = fp pin (15 pin) outputs programmable divider output frequency (fpl) of transmit section 
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of reception section 

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR 
Output of charge pump is selected by FC pin 
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ANALOG SWITCH 

ON/OFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON. the BS1 and BS2 
pins output the charge pump output (Dqi, Do 2 )- When the analog switch is OFF, the BS pin is set to high impedance. 



Control Data = H 

Divide ratio of transmit section is set 

Control Data = L 

Divide ratio of reception section is set 

LE = H 

LE=:L 

I 

II 

m 

II 

Ul 

-j 

Analog switch of transmit section 

ON 

OFF 

OFF 

OFF 

Analog switch of reception section 

OFF 

OFF 

ON 

OFF 



When an analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce the LPF time constant during PLL channel switch¬ 
ing. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Vcci = VcC 2 

Vp 

Vcc 

- 

8.0 

V 

— 

Input Voltage 

V|N 

GND 

- 

Vcc 

V 

— 

Operating Temperature 

Ta 

-40 

- 

+85 

°C 

- 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device: take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

CoikHUoii 

Valtm 

Urtft 

M)n 

Typ 

Max 

Power Supply Current* 

Icci 

Reception section is active. 


4.0 

- 

mA 

ICC2 

Transmit/reception section 
are active. 

- 

8.0 

12.0 

Operating Frequency** 

fin 

fini 

P = 64/65 

10 

- 

400 

MHz 

fin2 

P = 32/33 

10 

- 

200 

OSCiN 

bsc 


- 

12.8 

20 

Input Sensitivity 

fin 

Rin 

Vcc = 2.7 to 4.0V, 500 

-10 

- 

0 

dBm 

Vcc = 4.0 to 5.5V. 500 

-A 

- 

2 

OSCiN 

Vosc 


0.5 


- 

Vpp 

High-level Input Voltage 

Except fin 
and OSC|N 

V|H 


VccxO.7+0.4 

- 

- 

V 

Low’level Input Voltage 

V|L 


- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock 

LE 

l|H 


- 

1.0 

- 

pA 

Low-level Input Current 

>IL 



-1.0 

- 

Input Current 

OSCjN 

lose 


- 

±50 

- 

High-level Output Voltage 

Except Do 
and OSCouT 

VOH 

Vcc = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VoL 


- 

- 

0.4 

High-impedance Cutoff 
Current 

Do 

•off 

Vp = Vccto 8.0V 

- 

- 

1.1 

pA 

Output Current 

Except Do 
and OSCouT 

■oh 


-1.0 

- 

- 

mA 

lOL 


1.0 

- 

- 

Doi 

lOH 

ii 

Q. 

> 

- 

-1 

- 

loL 

Vcc = 3V 

- 

12 

- 

Do2 

>OH 

Vp = 6V 

- 

-3 

- 

lOL 

> 

CO 

II 

- 

6 

- 

Analog Svwtch ON Resistance 

Ron 


- 

50 


O 


Notes: *: fin » 400MHz, OSC|n = 12.8MHz, Voq^ = Vcc2 ~ 3 0V. The remaining input pins are grounded and output pins are open. 
**: AC coupling. Minimum operating frequency is measured with capacitor lOOOpF. 
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Lock Detector 



resistor individuaily to prevent the oscillation. 








MB1509 


PACKAGE DIMENSIONS 


20-LEAO PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M02) 





.100(2.54) 


.018+003 


.172{4.36)MAX 


.118{3.00)MIN 


.050(1.27) 


TYP 


(0.46±0.08) 


.020(0.51 )MIN 


MAX 


©1991 FUJITSU LIMITED D20003S-3C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 



©1991 FUJITSU LIMITED F20003S-5C 


Dimensions in 
inches (millimeters) 












June 1995 
Edition 0.4 


FUjiTSU 

^ MB15U10= - — - 

1.1GHz DUAL PLL FREQUENCY SYNTHESIZER 


INTRODUCTION 

The Fujitsu MB15U10 is a dual serial input phase-locked loop (PLL) frequency 
synthesizer and is ideally suitable for mobile communications such as cellular phones. 
The MB15U10 has two PLL frequency synthesizer circuits on a single chip: one for 
transmission and the other for reception (PLL1 and PLL2). 

It can operate from a +2.6V to 5,5V supply. Fujitsu's advanced technology achieves an 
Icc of 7 mA (typical) as well as 10 pA (max.) at power saving mode. 


FEATURES 

• Two PLLs’ for transmission/reception 

• Low current consumption : Icc » 7 mA typ. at 3 V 

• Power saving funtion : Ips « 10 pA max. 

• Divide ratio setting with serial data input: 

Binary 12-bit reference counter : 6 to 4095 

Binary 17-bit main counter : 1024 to 131,071 

‘Main counters can be programmed individually each other. 

• On-chip constant current source charge pumps 

• Adjustable charge pump output current with an external resistor 

• Lock detection function 

• Phase matching circuit helps fast intermittent operation 

• Plastic 20-pin SSOP (shrink small outline) package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Paramotera 

Symbol 

Value 

Unit 

Remark 

Supply voltage 

Voot.2 

-0.3 to +4.0 

V 


Vp 

Vdd to 6.0 

V 


Output voltage 

Vo 

—0.3 to Voo +0.3 

V 


Output current 

lo 

±10 

mA 


Storage temperature 

Tstg 

-55 to+125 

“C 



NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



This device contains cifcuitry to protect the inputs 
against damage due to high static vonages or etectric 
fi«d8. However, it is advised that normij precautions 
be taken to avoid application of any voltage higher than 
maximum rated voltages to this high impmarce circuit. 
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PIN DESCRIPTION 


Pin No, 

Pin namo 

Dddcrlpiron 


Piyfpi 

Data output / fp1 monitoring output (Open drain output) 


P24p2 

Data output / fp2 monitoring output (Open drain output) 


Doi 

Charge pump output (PLL1) 

B 

Vdoi 

Power supply for digital blocks (PLL1) 

5 

PS 

Power saving mode control (input "L": power saving mode) 

6 

fini 

RF input (PLL1) 

7 

DGND 

Ground for digital blocks 

8 

OSCin 

Crystal oscillator or TCXO input 

9 

P3/fr2 

Data output / fr2 monitoring output (Open drain output) 

10 

OSCout 

Crystal oscillator output 

11 

Clock 

Clock input 

12 

Data 

Data input 

13 

LE 

Load enable of serial input data (Input : Data is shifted into a latch.) 

14 

V002 

Power supply for digital blocks (PLL2) 

15 

fin2 

RF input {PLL2) 

16 

AGND 

Ground for the charge pumps 

17 

D02 

Charge pump output (PLL2) 

18 

Vp 

Power supply for charge pump 

19 

PO/LD 

Data output / lock detector output (Open drain output) 

Output is selected by "OLA" and "OLB" bits in a serial data 

20 

ISET 

Charge pump output current adjustment (A resistor is connected.) 
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FUNCTION DESCRIPTIONS 

Serial data Input 

Serial data is processed using the Data. Clock, and LE pins. Serial data controls the programmable reference divider, 
programmable divider (PLL1) and programmable divider (PLL2) separately by means of address setting. 

Binary serial data is entered via the Data pin. 

One bit of data is shifted into the internal shift register on the rising edge of the clock. When the load enable pin is high, stored data is 
latched. 

a)Serlal data input format 



MAO to 16 : Divide ratio setting bits of the main counter (PLL1) 

MBO to 16 : Divide ratio setting bits of the main counter (PLL2) 

RO to 11 : Divide ratio setting bits of the reference counter 

SR : Divide ratio select bit of reference frequency (PLL1 and PLL2) 

PO to 3 : Setting bits of PO to P3 output pins 

OLA, B : Select bits of PO/LD pin output 

CR1,2 : Select bits of charge pump output current 

PS1,2 : Power saving mode control bits 

TS : Test bits (Set "0” at ordinary use.) 

X : Dummy bits (Set ”0" or ”1”.) 


0 : Set"0” 


[ See Table 1 ] 
[ See Table 2 ] 
[ See Table 3 ] 
[ See Table 4 j 
(See Table 5) 
[ See Table 6 ] 
[ See Table 7 ] 
[ See Table 8 ] 
[ See Table 9 ] 


4-224 



MB15U10 


b)Data setting description 

• Table 1 : MAO to MAI 6 : Divide ratio of the binary 17-bit main counter (PLL1) 


Divide: ratio 

MA 

MA 

ill! 

MA 

MA 

MA 

MA 

MA 

ilii 

MA 

MA 

MA 


J] 

MA 

ill 

MA 

n 

1$ 

1$ 

ill! 

13 

12 

11 

IQ 

9 

8 

T 

8 

8 

4 

3 

2 

1 

0 

1024 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1025 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


Notes: Divide ratios less than 1024 are prohibited. (Divide ratio = 1024 to 131,071) 
• Table 2 ; MBO to MB16 : Divide ratio of the binary 17-bit main counter {PLL2) 



. Otvtde ratio 

iii! 

MB 

MB 

MB 

iii: 

MB 

iii 

MB 

iili 

MB 

MB 

MB 

III- 

MB 

MB 

MB 

MB 

H 

IB 

15 

14 

13 

12 

11 

10 

8 

8 

7 

6 

^5 

4 

8 

2 

1 

: .0 

1024 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1025 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


Notes: Divide ratios less than 1024 are prohibited. (Divide ratio = 1024 to 131.071) 
• Table 3 : R1 to R11 : Divide ratio of the binary 12-bit reference counter 


Divide ratio 

li 

R 

R 

R 

R 

R 

ft 

R 

III 

R 

R 

R 

R 

11 

10 

ill 

8 

7 

6 

III 

4 

Iii 

2 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 


Notes: Divide ratios less than 6 are prohibited. (Divide ratio = 6 to 4095) 
• Table 4 : Divide ratio select bit of reference frequency (PLLI and PLL2) 


SR 

Divide ratio of reference 
frequency (PLLI) 

Divide ratio of reference 
frequency (PLL2) 

0 

R 

R 

1 

R 

2R 


Notes: R = Programmed value with RO to R11 bits 
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• Table 5 : PO to P3 ; PO to P3 outputs control 


PXbd 

PK output 1,2^ 9 ptns) 

0 

ON (-L-) 

1 

OFF ("Z") 


Notes: X » 0 to 3 

• Table 6 : OLA, OLB ; 19-pln output selection 


OU 

OLB 

19*ptn output 

0 

0 

PO signal 

0 

1 

Lock detect signal {PLL2) 

1 

0 

Lock detect signal (PLL1) 

1 

1 

Lock detect signal (PLL1 and PLL2) 


• Table 7 : CR1, CR2 ; Charge pump output current selection 


CR1*2 

Charge pump output current 

0 

loo 

1 

2Ido 


Notes: PLL1 and PL2 can be controlled individually. 
• Table 8 : PS ; Power saving control 


PSt.2 

Charge pump output current 

0 

Power saving mode 

1 

Operation 


Notes: PLL1 and PL2 can be controlled individually. 
• Table 9 : TS ; Test bit (Set to "0” at ordinary use.) 


TS 

1-pln 

2-pin 

9-ptn 

0 

Output P1 signal 

Outputs P2 signal 

outputs P3 signal 

1 

outputs fp1 

outputs fp2 

outputs fr2 


Notes: Reference frequency and comparison frequency can be monitored via PI to P3 pins. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 


Symbol 


Min 


Value __ 

Typ f 


Unit 


Supply Voltage 

Vo01,Vo02 


Vp 

Input voltage 

V, 

Operating temperature 

Ta 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 
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ELECTRICAL CHARACTERISTICS 


Ta = 25X 



mA Rset = 7ki:i connected. 

_ CR1,2blts = ”0’' 

mA Vdd = 3.0V, Vp = 5.0V 


mA Open drain 


Note: *1 ; Tin = 1.1 GHz, 
*2 ; f|N = 1.1 GHz, 


OSCiN = 12.8 MHz, Vdd = 3 0 V. In locked state. 
OSCiN = 12.8 MHz, Vdd = 5.0 V. In locked state. 























































































































PACKAGE AND DIMENSIONS 


20-LEAD PLASTIC PUT PACKAGE 

(Case No.; FPT-20P-M03) 



(j hnnn. rinAnm 

.230(5.85) 


•:This dimension does not Include resin protruction. 


©1992 FUJITSU LIMITED F20012S-2C 



Details of "A“ part 



Dimensions In 
Inches (millimeters) 
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MB1510 


FUJITSU 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 1.1GHz PRESCALER 

DESCRIPTION 

The Fujitsu MB1510 Is a 1.1 GHz dual serial input PLL (Phase Locked Loop) 
frequency synthesizer designed for cellular telephone and cordless telephone 
applications. 

The MB1510 has two PLL circuits on a single chip: PLL1 and PLL2. An analog switch 
is provided for each PLL circuit decrease lock up time. Separate power supply pins 
are provided for each PLL circuit as well. 

1.1 GHz dual modulus prescalers are on chip and enables a pulse swallow function. 

It operates from a supply voltage of 3.0V typ. and dissipates 15 mA typ. of current 
realized through the use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 


FEATURES 

• High operating frequency; fjn = 1 ■ 1 GHz (Pjn = -10 dBm, Vcc = 3V) 

• Pulse swallow function: 64/65 or 128/129 

• Low power supply current: Ice = *15 mA typ, @3V. 

• Serial input reference divider: R = 512 or 1024 

• Serial input 18-bit programmable divider consisting of: 

— Binary 7-bit swallow counter; 0 to 127 

— Binary 11-bit programmable counter: 16 to 2047 

— Tx and Rx programmable counters may be controlled separately. 

• Low power supply voltage: Vcc = 2.7 to 5.5V 

• On-chip analog switches achieve fast lockup time 

• Fast lock up by bipolar charge pumps 

• Wide operating temperature: Ta = ^0 to 85°C 

• Plastic 20-pin fiat package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Output Voltage 

VOUT 

—0.5 to Vqc+O.S 

V 

Output Current 

loUT 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

oc 


NOTE: Permanent device damage may occur If the above Absolute Maximum Ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage hi^erthan maximum rated voltages 
to this high impedance circuK. 


Copyright 1995 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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MB1510 Block Diagram 


LD1D01 BS1 fr fp BSC1 lX)2Do2 BS2 BSC2 
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PIN DESCRIPTIONS 


I/O 


Pin No. Pin Name 


GND 



Descriptions 


Oscillator input pin 
Oscillator output pin 

A crystal is connected between OSCj^ pin and OSqjjj pin. 


Prescaler input pin of PLL1 section. 

The connection with VCO should be AC connection. 


Power supply voltage input pin of PLL1 section. 

When power is OFF, latched data of PLL1 section is cancelled. 


Monitor pin for programmable reference divider output 


Lock detect signal output pin of PLL1 section. 


Condition 


Lock 


Unlock 


Analog switch control pin of PLL1 section. 


BS1 pin output 


High-impedance 


Charge pump output 




Charge pump output pin of PLL1 section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 
Analog switch output pin of PLL1 section, and controlled by BSC1. 


Analog switch output pin of PLL2 section, and controlled by BSC2. 

Charge pump output pin of PLL2 section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 


Analog switch control pin of PLL2 section. 


BS2 pin output 




H Charge pump output 
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PIN DESCRIPTIONS (Continued) 


Pin No. 


Pin Name 


I/O 


Descriptions 


16 Vcc 2 


Power supply voltage input pin for PLL2 section, programmable reference divider, shift register, 
and crystal oscillator. 

When power is OFF, latched data of PLL2 section and reference counter is cancelled. 


17 


Prescaler input pin of PLL2 section. 

The connection with VCO should be AC connection. 


18 LE 


19 Data 


Load enable input pin. This pin involves a schmitt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch depending 
on a control data. 

At this moment, charge pump output signal is output from BS pin since internal analog switch 
becomes ON. 


Serial data input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 

The stored data in the shift register is transferred to either PLL1 section or PLL2 section depend¬ 
ing upon a control data. 


Control bit data 

The destination of data 

H 

Latch of PLL1 section 

L 

Latch of PLL2 section 


20 


Clock 


Clock input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 
On rising edge of the clock shifts one bit of data into the shift register. 


FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 
fvco-{(MxN) + A}xfo,c + R (A<N) 

fyco- Output frequency of external voltage controlled oscillator (VCO) 

M: Preset divide ratio of dual modulus prescaler (64 or 128) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A; Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

^osc- Reference oscillation frequency 

R; Preset divide ratio of reference counter (512 or 1024) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is input using three pins, Data pin, Clock pin, and LE pin. Programmable divider of PLL1 section and programmable 
divider of PLL2 section are controlled individually. 

Serial data of binary data is input into Data pin. 

On rising edge of clock shifts one bit of serial data into the shift register. When load enable signal is high, the data stored in the shift 
register is transferred to either the latch of PLL1 section or the latch of PLL2 section depending upon the control bit data setting. 


Control data 

Destination of serial data 

H 

Latch of PLL1 section 

L 

Latch of PLL2 section 



SHIFT REGISTER CONFIGURATION 


Control bit 


I LSB Data Flow -> MSB 

^ I __ 


B 

2 

3 

B 

5 

6 

B 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

D 

R 

F 

P 

F 

A 

A 

A 

A 

A 

A 

A 

N 

N 

N 

N 

N 

N 

H 

N 

N 

N 

N 

N 

E 

H 

R 

C 

1 

2 

3 

4 

5 

6 

7 

1 



B 



D 

8 

9 

10 

11 


F 

■ 

E 












■ 



fl 






N1 to Nil 

A1 to A7 

FC 

PRE 

FP 

REF 

CRT 


: Divide ratb of the programmable counter setting bit (16 to 2047) 
: Divide ratio of the swallow counter setting bit (0 to 127) 

: Phase control bit of the phase detector 
: Divide ratio of the prescaler setting bit (64/65,128/129) 

: Output of the programmable divider control bit {fp1 or fp2) 

: Divide ratio of the reference counter setting bit (512 to 1024) 

: Control bit 


SERIAL DATA INPUT TIMING 


• 11 ,12. t3. t4. t5 S ips 

Data Nil = MSB^ N10 N1^A7 REF - LSB^C; Control bit 

Clock —— 

ji jlLji j 

1J1_ 

r—f { *" , ■" * • —* 

1 1 1 • 

1 1 1 • 

^ r 

1_ 

LE --^ 

W 12-^ 

11 . • • 

* * t4 ^ * 

• , 1 

1 

15 -kO- 

I 

t 

1 

1 

t 


On rising edge of the dock shifts one bit of the data into the shift register. 
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BINARY 11-BlT PROGRAMMABLE COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

11 

1 

1 

1 

1 

1 


Note: Divide ratio loss than 16 is prohibited. 
Divide ratio (H) range = 16 to 2047 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio (A) range = 0 to 127 


PRE : DIVIDE RATIO (P) OF THE PRESCALER SETTING BIT 
H =64/65 
L=128/129 

REF ; DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT 
H=S12 (fr=25.0 kHz) 

L= 1024 (fr= 12.5 kHz) 

FP: OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT 

H = fp pin (15 pin) outputs programmable- divider output frequency (fpl) of PLL1 section. 
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of PLL2 sectlon5 

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR 

Output of charge pump is selected by FC pin. 



FC = H 

FC = L 

fr > fp 

H 

L 

fr = fp 

Z 

Z 

fr < fp 

L 

H 

VCO Polarity 

© 

® 


Note; Z = High-impedance 

Dependinq upon the VCO polarity, 
FC should be bit set. 
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PHASE DETECTOR OUTPUT WAVEFORM 



(FC bit = High) 




(FC bit » Low) 




•V ■xI'l" 









Note: 

• Phase difference detection range = -2k to +2n 

• LD output becomes low when phase difference is tW or more. 

LD output becomes high when phase difference less than tW is repeated 3 times or more. 

(e. g. tW = 625 to 1250ns. foscin = 12.8 MHz) 

• Spike appearance depends on the charge pump characteristics. The spike is output to diminish the dead band. 

• When fr > fp or fr < fp, spike might not generate depending on the charge pump characteristics. 
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ANALOG SWITCH 

ON/OFF of the analog switch is controlled by BSC input signal. BSC1 controls the analog switch of the PLL1 circuit, BSC2 controls 
the analog switch of PLL2. When the analog switch is ON, BS pin output the charge pump output (D01, D02). When analog switch is 
OFF, BS pin is set to high-impedance. 



BCS1 (2) 

H 

L 

Analog switch of PLLI1 (2) section 

ON 

OFF 

BS1 (2) output 

Charge pump output Do1 (2) 

High-impedance 


When an analog switch is inserted between LPF-1 and LPF-2, faster lock up time is achieved to reduce LPF time constant during 
PLL channel switching. 


-1 Do 

I 


CHARGE PUMP 

I . A I 

LPF-l 



LPF-2 


VCO I 

r 


' — 1 


r 




1 

b 



- -1 





r— 

-1 

! BISW 





ANALOG SW 

. i . 

1 

1 

I 

- -t 




BSC 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Vcci = Vcc2 

Input Voltage 

V|N 

GHD 

— 

Vcc 

V 


Operating Temperature 

Ta 

-40 


+85 

"C 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. 

• Cover workbenches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket 

• Protects leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Value 

Unit 

Power Supply Current 

lcci 

PLL2 current 

— 

8.0 

— 

mA 

ICC2 

{PLL1 +PLL2) current 

— 

15.0 

- 

Operating Frequency 

^in 

Iin1 

*1 

10 

- 

1100 

MHz 

W 

*2 

10 



OSC|N 

lose 


— 

12.8 

20.0 

Input Sensitivity 

lin 

Pfin 

Vec*^ 2.7 to 4.0V, 500 

-10 

- 

0 

dBm 

Vcc = 4.oto5.5v, son 

-4 

- 

2 

OSC|N 

Vosc 


0.5 

- 

- 

Vp-p 

High-level Input Voltage 

Except fin 
and OSC|N 

V|H 


Veex 0.7+0.4 

- 

- 

V 

Low-level Input Voltage 

V|L 


— 

- 

V<^Cx0.a-0.4 

High-level Input Current 

Data, Clock 
LE 

l|H 


— 

1.0 

— 

pA 

Low-level Input Current 

i|L 

.. _i 

— 

-1.0 

— 

FC 

•fc 


- 

-60 

- 

Input Current 

OSCiN 

lose 



±50 

- 

High-level Output Voltage 

Except Do 
and OSC- 

OUT 

VOH 

Vcc = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VoL 


- 

- 

0.4 

High-Impedance Cutoff 
Current 

Do. 

(pP 

lOFF 

Vp = Vccto8.0V 

Voop =^ND to 8.0 V 

- 

- 

1.1 

pA 

Output Current 

Except Do 
and OSC- 

OUT 

loH 


-1.0 

- 

- 

mA 

loL 


1.0 

- 


Analog Switch ON Resistance 

Ron 


- 

50 

- 

n 


Notes: ‘1; Divide ratio of the prescafer is 128/129. 
* 2 : Divide ratio of the prescaler is 64/65. 
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TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST) 
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APPLICATION EXAMPLE 


From 

Con- 

tFDlier 



Note: 


X'tal 
C1,C2 
Clock, Data. LE 


12.8MHz 

depends on the crystal oscillator. 

Involve the schmitt circuit 

When input pins are open, please insert the pull down/up resistor individuj 


MB1510 


Lock Detector 


Lock Detector 
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Product Profile Sheet 


FUJITSU 


MB15B11 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


On-chip 1.1GHz & 400MHz PRESCALER’S 

The Fujitsu MB15B11 is a serial input Phase Locked Loop (PLL) frequency synthesizer with 
pulse swallow operation. Two synthesizers: 400MHz system has a low sensitivity charge pump 
for transmit modulation, 1,1 GHz system has a high sensitivity charge pump for fast lock up of 
receive frequency. An analog switch is provided for each PLL circuit for faster lock up. 

These various features help compact system designing important in mobile radio applications. 
Typical applications are cellular phones, cordless phones and other radio applications where IF 
modulation is adopted. 

It operates with a supply voltage of 3.0V typ. and dissipates totally 9.5 mAtyp. of current realized 
through the use of Fujitsu’s Bi-CMOS technology. The power saving function maintains current 
reduction. 




FEATURES 


• Dual PLL frequency synthesizers; 400MHz (PLL1) & 1.1 GHz (PLL2) 

• Low power supply current; Ice (total) = 9,5 mA typ. (Vcc = 3V) 

• Power saving function : Icci = Icc 2 = 100 pA typ (Vcc = 3V) 

• Pulse swallow function; 

-1.1 GHz Prescaler; 64/65 or 128/129 

- 400MHz Prescaler: 32/33 or 64/65 

• Serial input 14-bit programmable reference counter: R = 8 to 16383 

• Serial input 18-bit programmable divider consisting of: 

- Binary 7-bit swallow counter; 0 to 127 

- Binary 11-bit programmable counter: 16 to 2047 

PLL1 and PLL2 programmable counters can be controlled independently. 

• Functionally tuned up charge pumps 

- Transmit (PLL1): Low sensitivity charge pump (for modulation) 

- Receive (PLL2): High sensitivity charge pump (for fast lock up) 

• Low power supply voltage; Vcc = 2-7 to 3.5V 

• On-chip analog switches achieve fast lock up time 

• Wide operating temperature: Ta = -30 to 80°C 

• Plastic 20-pin SSOP package 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Ramark 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to 5.0 

V 

Vp 


Vcc lo 7*0 

V 

Output Voltage 

VOUT 


-0.5 to Vcc ■fO.5 

V 

Output Current 

lOUT 


±10 

mA 

Storage Temperature 

Tstg 


-55 to+125 

"C 


PIN ASSIGNMENT 


gndI 

1 

20 

1 Clock 

OSCinI 

2 

19 

1 Data 

OSCoutI 

3 

18 


fini 

4 

17 

Z] fin2 

Vccll 

5 TOP 

16 

1 Vcc2 


VIEW 

6 

15 

□ tp 

LDll 

7 

14 

LD2 

vpi[Z 

8 

13 

□ Vp2 

Doll 

9 

12 

^ Do2 

BS1 ^ 

10 

11 

^ BS2 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


4-243 









































MB15B11 





































































MB15B11 


PIN DESCRIPTIONS (Continued) 


Ptn No. 


Pin Name 


I/O 


16 


Vcc2 


17 


fln2 


I 


Descriptions 


Power supply voltage input pin for PLL2 section, programmable reference divider, shift register, and 
crystal oscillator. 

When power is OFF. latched data of PLL2 section and reference counter is cancelled. 


Prescaler input pin of PLL2 section. 

The connection with VCO should be AC. 


18 


LE 


Load enable input pin. This pin is followed by a schmitt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch according to a 
control data. 


19 


Data 


Serial data input pin of 23-bit shift register. This pin is followed by a schmitt trigger circuit. 

The stored data in the shift register is transferred to one of PULI section, PLL2 section and program¬ 
mable counter depending upon control data settings. 


Control bit data 

The destination of data 

H 

Latch of PLL1 section 

L 

Latch of PLL2 section 


20 


Clock 


Clock input pin of 23-bit shift register. This pin is followed by a schmitt trigger circuit. 
On rising edge of the clock, one bit of data is transferred Into the shift register. 


FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 
fvco = {(P X N) + A} X fosc R (A < N) 

fvco: Output frequency of external voltage controlled ocillator (VCO) 

P: Preset divide ratio of dual modulus prescaler (32 or 64 for PLL1,64 or 128 for PLL2) 
N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0< A < 127) 
fosc: Reference oscillation frequency 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is entered using three pins, Data pin, Clock pin, and LE pin. Programmable divider of PLL1 section, programmable divider of PLL2 
section and programmable reference divider are controlled individually. 

Serial data of binary data is entered into Data pin. 

On rising edge of clock, one bit of serial data is transferred into the shift register. When load enable signal is high, the data stored in the shift register 
is transferred to one of latch of them depending upon the control bit data setting. 


Control bits 

Destination of seriai data 

CNT1 

CNT2 

L 

L 

Programmable reference counter 

■a 

H 

Programmable counter of PLL1 

H 

H 

Programmable counter of PLL2 



SHIFT REGISTER CONFIGURATION 


Programmable Reference Counter 


LSB Data Flow- 

f.,.. 



B 

B 

B 

5 

B 

B 

B 

B 

10 

11 

12 

B 

B 

B 

16 

17 


C 

F 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

N 

N 

P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


2 

















R1 to R14 : Divide ratio setting bit for the reference programmable counter (8 to 16383) 
FP : Test purpose bit (monitor output fpl /fp2 selection) 

CN1,2 : Control bit 


Programmable Counter 

LSB Data Flow-► 


1 



B 

B 

B 

5 

B 

B 

B 

9 

B 

11 

B 

13 

14 

B 

B 

B 

B 

B 

20 

B 

22 

Qj 


C 

P 

P 

F 

D 

A 

A 

D 

A 

A 

D 

N 

N 

N 

D 

N 

N 

D 

N 

N 

N 

N 

N 

N 

S 

R 

C 

fl 

2 

3 

B 

5 

6 

B 

1 

2 

3 

B 

5 

6 

B 

8 

9 

10 

11 


2 


E 


■ 



■ 



■ 




■ 



■ 






N1 toN11 
A1 to A7 
FC 
PRE 
PS 

CN1,2 


: Divide ratio setting bit for the programmable counter (16 to 2047) 
: Divide ratio setting bit for the swallow counter (0 to 127) 

: Phase control bit for the phase detector 
: Divide ratio setting bit for the prescaler (64/65,128/129) 

: Power saving control bit 
: Control bit 
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BINARY 14-BIT PROGRAMMABLE REFERENCE COUNTER DATA SETTING 


Divide 

Ratio 

(R) 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: • Divide ratio less than 8 is prohibited. 
• Divide ratio (R) range = 8 to 16383 


BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

V 

V 

V 

V 

V 

V 

V 

~ 

V 


V 

V 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note; • Divide ratio less than 16 is prohibited. 
• Divide ratio (N) range == 16 to 2047 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

V 

V 

V 

V 

V 

V 

V 


127 

1 

1 

1 

1 

1 

1 

1 


Note:* Divide ratio (A) range = 0 to 127 


PRESCALER DATA SETTING 



PRE = 

PRE s ”L” 

Prescaier 
Divide ratio 

PLL1 

32/33 

64/65 

PLL2 

64/65 

128/129 


Note: • Divide ratio for each PLL1 and PLL2 is set by the serial data 
at that time of divide ratio setting for each programmable 
divider. 
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POWER SAVING FUNCTION CONTROL 



PS 

H 

L 

PLL1 ’s section 

ON 

OFF 

PtL2’s section and 
common section 

ON 

OFF 


Note: • Power saving mode for each PLL1 and PLL2 is selected by the serial data at that time of divide ratio setting 
for each programmable divider. 

• Common section; Crystal oscillator circuit, programmable reference counter 

PHASE COMPARATOR PHASE CONTROL DATA SETTING 



X 

II 

FC = L 

fr >fp 

H 

L 

fr= fp 

2 

Z 

fr<fp 

L 

H 

VCO Polarity 

7 

1 


Note: • Z = High-impedance 

• Depending upon the VCO polarity, FC bit should be set. 

• Phase characteristic for each PLL1 and PLL2 is set by the 
serial data at that time of divide ratio setting for each 
programmable divider. 


SERIAL DATA INPUT TIMING 




t1 (>100ns) : Data set up time t2(>1000ns) : Data hold time t3(>300ns): Clock pulse width 

t4 (>100ns) : LE set up time to the rising edge of the last clock tS (>800ns): LE pulse width 


<3=3 Data N11 =MSB^ N10~ N1^A7 CN2^ ^ 


CN1 = LSB 


o»-_n_Ln_..JUii.iLJi 

' • 11 III 


LE 


Jl_ 


t3-*r 


On rising edge of the clock, one bit of the data is transferred Into the shift register. 
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PHASE DETECTOR OUTPUT WAVEFORM 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

3.5 

V 

Vcc1 = Vcc2 

Vcc 

Vcc 

- 

6.0 

V 


Input Voltage 

ViN 

GND 


Vcc 

V 


Operating Temperature 

Ta 

-30 

- 

+80 

»c 



HANDLING PRECAUTIONS 


• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

ConCHtlon 


mn 

Mfn 

■>yp 

Max 

Power Supply Current 

led 

PLL1 section 

- 

3.5(0.ir 

- 

mA 

lcc2 

PLL2 section 

- 

*■ 

6.0(0.1) 

- 

Operating Frequency 

fini 

fini 


100 

- 

400 

MHz 

fin2 

fin2 


100 

- 

1100 

OSCiN 

fosc 


- 

12.8 

20.0 


Input Sensitivity 

fin1 

Pfini 

PLL1,500 system 

-10 

- 

4 

dBm 

fln2 

Pfln2 

PLL2,500 system 

-10 

- 

4 

dBm 

OSCiN 

Vosc 


0.5 

- 

- 

Vp-p 

HigtHevel Input Voltage 

Except fin 
and OSCin 

VIH 


VccxO.7+0.4 

- 

- 

V 

Low-level Input Voltage 

VIL 


- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock 

LE 

IlH 


- 

1.0 

- 

pA 

Low-level Input Current 

IlL 


- 

-1.0 

- 

Input Current 

OSCIN 

lose 


- 

±50 

- 

High-level Output Voltage 

Except Do 
and OSCout 

VOH 

Vcc = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VOL 


- 

- 

0.4 

High-impedance Cutoff 
Current 

Do. <I>P 

lOFF 

Vp = Vccto8.0V, 

Voop = GND to 8.0V 

_ 

_ 

1.1 

mA 

Output Current 

Except Do 
and OSCout 

lOH 


-1.0 

- 

- 

mA 

lOL 


1.0 

- 

- 

Do1 

lOH 

VP = 6.0V 

- 

-1 


mA 

lOL 

Vee * 3.0V 

- 

12 


Do2 

lOH 

Vp = 6.0V 

- 

-3 

- 

mA 

lOL 

Vcc = 3.0V 

- 

6 


Analog Switch ON Resistance 

Ron 


- 

50 

- 

a 


Notes: *1; The value in () is power supply current in power saving mode. 
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TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST) 


VpI Vcc1 
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APPLICATION EXAMPLE 



Note; X'tal ; 12.8MHz 

C1, C2 : depends on a crystal oscillator. 

Clock, Data, LE : involves a schmitt circuit. 

(When inputs are open, pull up/down resistor is necessary to prevent self-oscillation.) 
: 6V max. 


Vp1.Vp2 














.0256±.0047 

(0.65±0.12) 


(Yy,+.004 

• 00^-002 



•:This dimension does not indude resin protruction. 


'1991 FUJITSU LIMITED F20012S-2C 
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April 1995 
Edition 2.0 


DATA SHEET 


FUJITSU 


MB1511 ASSP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


DESCRIPTION 

The Fujitsu MB1511 is a single chip serial input PLL frequency synthesizer designed 
for VHF tuner and cellular telephone applications. 

It contains a 1.1 GHz dual modulus prescaler which enables pulse swallow function, 
and an analog switch to speed up lock up time. 

It operates supply voltage of 3.0 V typ. and dissipates 7 mA typ. of current realized 
through the use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 

FEATURES 

• Low power supply voltage: Vcc = 2.7 to 5.5 V 

• High operating frequency: fiN max =1.1 GHz {Pin min = -1 OdBm) 

• Pulse swallow function: 64/65 or 128/129 

• Low supply current: Icc = 7 mA typ. 

• Serial input 18-bit programmable divider consisting of: 

Binary 7-bit swallow counter: 0 to 127 

Binary 11-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 

Binary 14-bit programmable reference counter: 8 to 16383 
1-bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2 types of phase detector output 
On-chip charge pump (Bipolar type) 

Output for external charge pump 

• Wide operating temperature: “40°C to +85°C 

• 20-pin Plastic Shrink Small Outline Package (Suffix: -PFV) 

ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Value 

Units 

Power Supply voltage 

Vcc 

-0.5 to +7.0 

V 

Vp 

Vcc fo 10*0 

V 

Output voltage 

VOUT 

-0.5 to Vcc+0’5 

V 

Open-drain voltage 

Voop 

—0.5 to 8.0 

V 

Output current 

•out 

±10 

mA 

Storage temperature 

Tstg 

—55 to +125 

OC 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of theis data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



Plastic Package 
{FPT-20P-M03) 


This de^nce contains circuitry to protect the inputs against 
damage due to high static voitages or eiectric fieids. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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MB1511 BLOCK DIAGRAM 


OSCi 


OSCc 


"O' 


I 16-BIT SHIFT REGISTER I 


■crystal 
■oscillator! 


V.0 

Vcc© 

Do©- 


iiifflioiEOi::::; 


GND 


o 

0j 


.0-1 


BIT SHIFT register | 


15-BtT LATCH 


15-BIT LATCH 


] 


'limiaiun.zzzl, 

• KkAkMAm ft • 


, PROGRAMMABLE REFERENCE , 
' DIVIDER ‘ 


BINARY 14-BIT 
REFERENCE COUNTER 


1 f, 




I 19-BIT SHIFT REGISTER I 


■a 


I , 19-BIT SHIFT register""] j 


I 


18-BIT LATCH 


r|7-BITLAT^ 


I 
1 

11 -BIT latch} I 


PRESCALER 


iiirojiffliEuiit-_, 

I PROGRAMMABLE DIVIDER i 


BINARY 7-BIT 

BINARY 11-BIT 

SWALLOW 

PROGRAMMABLE 

COUNTER 

COUNTER 


PHASE 

COMPA RATOR 

“T ^ 


MONITOR 

FREQUENCY 

CHANGING 

CIRCUIT 


CHARGE 

PUMP 




CONTROL CIRCUIT 




L© 

*© 


ANALOG 

SWITCH 


four 


-© 
-© 


CONTROL 

1-BIT 

LATCH 

■1 


1 

1 


LE 


iData 


) Clock 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

3 

OSCiN 

OSCoUT 

1 

0 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSCn and OSCout. 

4 

Vp 

- 

Power supply input for charge pump and analog switch. 

5 

Vcc 

- 

Power supply voltage input. 

6 

Do 

o 

Charge pump output. 

The characteristics of charge pump is reversed depending upon FC input. 

7 

GND 

- 

Ground. 

8 

LD 

o 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference oft and fp exists, this 
pin outputs low level. 

10 

f.N 

1 

Prescaler input. 

The connection with an external VCO should be AC connection. 

11 

Clock 

1 

Clock input for 19-bit shift register and 16-bit shift register. 

On rising edge of the clock shifts one bit of data Into the shift registers. 

13 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit is high level and LE is high level, the data stored in shift register is trans¬ 
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans¬ 
ferred to 18-bit latch. 

14 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored in shift register is transferred into latch de¬ 
pending upon the control bit. At the time, internal charge pump output is connected to 
BISW pin because internal analog switch becomes ON state. 

15 

FC 

1 

Phase select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is re¬ 
versed. 

FC input signal controls fo„, pin (test pin) output level, f, or fp. 

16 

BISW 

o 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 
pin is high level), this pin outputs internal charge pump output. 

17 

^OUT 

o 

Minitor pin of phase comparator input. 

fout pin outputs either programmable reference divider output (f,) or programmable di¬ 
vider output (fp) depending upon FC pin input level. 

FC=sH: It is the same as f, output level. 

FC=L: It is the same as fp output level. 

18 

20 

0P 

0R 

o 

0 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 

2,9 

12,19 

NC 

- 

No connection. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 


Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bit. 

Control data "H” data is transferred into 15-bit latch. 

Control data V data is transferred into 18-blt latch. 

PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-blt shift register, 15-bit latch and 14-blt reference counter. Serial 16-bit data format is 
shown below. 


IZ 


Control bit 
LSB 


Divide ratio of prescaler setting bit 
MSB 


c 

S 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W 


Divide ratio of programmable reference counter setting bit 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

S 

s 

s 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW-.This bit selects divide ratio of prescaler. 

SW-H : 64/65 
SW*L : 128/129 

SI to SI4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data is input from MSB side. 


PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown following page. 
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Control bit 
LSB 


MSB 


ZL 


C 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


Divide ratio of swallow —.^L_ 

counter * 

setting bit 

7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide ratio of programmable 
counter 
setting bit 


Divide 

Ratio 

A 

S 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

# 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 



NOTE: Divide ratio: 0 to 127 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

s 

s 

s 

s 

s 

s 

S 

s 

s 

s 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 127) 

S8 to S18: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 

The divide ratio is set using the following equation, 
fvco* [MxN)+A] xfosc+R 

fvc©: Output frequency of external voltage controlled oscillator (VCO) 

M: Preset modulus of external dual modulus prescaler (64 or 128) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N) 

fosc: Output frequency of the external reference frequency oscillator 

R: Preset divide ratio of binary 14-blt programmable reference counter (8 tol 6383) 
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SERIAL DATA INPUT TIMING 


l 2 , I3, U, Xs : 

Data S18=MSB| 

ilUS 

^^7 - 

•(SW) 

(S14) 

Clock _J I 

i 


LE 





- 


_^ 

[ S9 S1 *LSBX C; CONTROL BIT 

( 

i 

S8) 

[L 

(S7) (S 

j_f 

, 

i 

(C: CONTROL BIT) 







t2”* 


— t.-* 

- 

ts-* 



NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one bit of data in the shin register. 


PHASE CHARACTERISTICS 


FC pin is provided to change phase characteristics of phase 
comparator. Characteristics of internal charge pump output level (Do), 
phase comparator output level ( 0 R, ^P) are reversed depending upon 
FC pin input level. Also, monitor pin (fooi) output level of phase 
comparator is controlled by FC pin input level. The relation between 
outputs (Do, 0 R, 0 p) and FC input level are shown below. 



FC=H or open 

FC=L 

Do 


aP 

foot 

Do 

0R 

0 P 

foot 

fr>fp 

H 

L 

L 

(t) 

L 

H 

Z 

(fp) 

tcfp 

L 

H 

Z 

(f.) 

H 

L 

L 

(fp) 

Uf, 

Z 

L 

z 

«.) 

z 

L 

Z 

(fp) 


VCO CHARACTERISTICS 



Note: Z-(High impedance) 


Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are Iike0, FC should be set High or open circuit; 
When VCO characteristics are like ©, FC should be set Low. 
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NOTES: Phase difference detection range: -2n to +2jr 

Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When f,>fp or f,<fp, spike might not appear depending upon charge pump characteristics. 


ANALOG SWITCH 

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) is 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 


LE 

Analog Switch 

H (Changing the divide ratio of intermal prescaler) 

ON 

L (Normal operating mode) 

OFF 


When an analog switch is inserted between LP1 and LP2, faster lock up times is achieved to reduce LPF time constant during PLLchannal switching. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Vp 

Vcc 

_ 

8.0 

V 

Input Voltage 

V, 

GND 


Vcc 

V 

Operating Temperature 

Ta 

-40 

— 

85 

®c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in antistatic containers. 

• This is static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly 
grounded. Cover workbenches with grounded conductive mats. 

• Always turn the power supply off befer inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handing or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS (VCC = 2.7 V to 5.5 V, Ta = -40°C to +85°C) 


Parameter 

Symbol 

Value 

Unit 

Min 

TVP 

Max 

Power supply current'^ 


Ice 

- 

7.0 

— 

mA 

Operating frequency 

fin‘2 

f|N 

10 

- 

1100 

MHz 

OSCIN 

fosc 

- 

12 

20 

MHz 

Input sensitivity 

fin-r3 

Rim 

-A 

- 

6 

dBm 

fin-2-4 

Pfina 

-10 

— 

6 

dBm 

OSCIN 

Vosc 

0.5 

- 

— 

Vp-p 

High-level input voltage 

Except fin and 
OSCiN 

V|H 

VCCxO.7 

- 

— 

V 

Low-level input voltage 

VlL 

— 

— 

VCCxO.3 

V 

High-level Input current 

Data clock 

l|H 

- 

1.0 

_ 

fA 

Low-level input current 

l|L 

- 

-1.0 

— 

pA 

Input current 

OSCiN 

lose 

— 

+50 

— 

pA 

LE,FC 

Ile 

- 

-60 

— 

pA 

High-level output current 

Except DO and 
OSCoUT 

Voh'« 

2.2 

- 

- 

V 

Low-level output current 

VoL 

— 

- 

0.4 

V 

N-channel open drain 
cutoff current 

DO, 0p*® 

•off 

- 

- 

1.1 

pA 

Output current 

Except DO and 
OSCouT 

loH 

-1.0 

— 

— 

pA 

loL 

1.0 

- 

— 

pA 

Analog switch on resistance 

Hon 

- 

50 

- 

Q 


Notes: 

1. fin =1.1 GHz, OSClN=12 MHz, VCC=3V. Inputs are grounded and outputs are open. 

2. AC coupling. Minimum operating frequency Is measured when a capacitor 10OOpF. 

3. VCC=4.0to5.5V, son 

4. VCC=2.7to4.0V,50n 

5. VCC=3V 

6. VP=VCC to 8V. VOOP=GND to 8V 
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TYPICAL APPLICATION EXAMPLE 



1 DC 



Lrr 


VOU 


Charge Pump 
Selection 
(Internal or 
external) 


FROM 

CONTROLLER 


I 0R 10P I four I BISW I FC I LE I Data | Clock ^ 47k ^ 47k 
20 19 18 17 16 15 14 13 12 11 7^ jh 


123 4 5 6 7 89 10 


OSCiN 

OSCouT 

Vp 

Vcc 

Do 

GND 

nUh 

X’ta! 


6V 

T 

3V 

T 

Ts 

r 

c, 

r- ^2 

LJ , 

►—J 




lOOOp Vcc(5V ) 

^iook 


J I 


Vp, Vpx: 8V max. 

Cl, C 2 : Depends on crystal oscillator 
LE.FC : With internal pull up resistor 
0P : Open drain output 
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- - DATASHEET _ 

MB1512 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 



LOW POWER SERIAL INPUT PLL SYNTHESIZER 
WITH 1.1GHz PRESCALER 

The Fujitsu MB1512, utilizing BI-CMOS technology, is a single chip serial input PLL 
synthesizer with pulse-swallow function. 

The MB1512 contains a 1.1 GHz two modulus prescaler that can select of either 
64/65 or 128/129 divide ratio, control signal generator, 16-bit shift register, 15-bit 
latch, programmable reference divider (binary 14-bit programmable reference 
counter), 1 -bit switch counter, phase comparator with phase conversion function, 
charge pump, crystal oscillator, 19-bit shift register, 18-bit latch, programmable 
divider (binary 7-bit swallow counter and binary 11 -bit programmable counter) and 
analog switch to speed up lock up time. 

It operates with a supply voltage of 5V typ. and achieves very low supply current of 
8mA typ. realized through the use of Fujitsu Advanced Process Technology. 

• High operating frequency: f|N max=1 -IGHz (Pin MiN=-10dBm) 

• Pulse swallow function: 64/65 or 128/129 

• Power supply voltage: Vcc=4.5 to 5.5V 

• Low supply current: lcc=8nfiA typ. 

• Serial input 18-bit programmable divider consisting of: 

Binary 7-bit swallow counter: 0 to 127 
Binary 11-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 

Binary 14-bit programmable reference counter: 8 to 16383 
1-bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2types of phase detector output 

On-chip charge pump (Bipolar type) 

Output for external charge pump 

• Wide operating temperature: -40®C to +85°C 

• 20-pin Plastic Shrink Small Outline Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Vp 

Vcc to 10.0 

V 

Output Voltage 

VoUT 

-0.5 to Vcc +0-5 

V 

Open-drain Voltage 

Voop 

-0.5 to 0.8 

V 

Output Current 

■out 

±10 

mA 

Storage Temperature 

TsTG 

-55 to +125 

o 

o 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratinqs are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



PIN ASSIGNMENT 



0R 

NC 

0P 

buT 

BISW 

FC 

LE 

Data 

NC 

Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to avoid 
appiication of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 


Copyright© 1994 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 
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MB1512 BLOCK DIAGRAM 


OSCiN 


©■ 


16-BIT SHIFT REGISTER 


OSCoutI 


©• 

O 

© 


ICRYSTAL 

lOSCILLATOR 




Do 


0 - 


GND 


0 

,©j 


f|N 


0-1 


BIT SHIFT REGISTER 


I 


:iaioioioizz: 

15-BIT LATCH 


[[ 


15-BIT LATCH 


"loioioioiiz:; 

rPROGRAMMABLE REFERENCE^ 
DIVIDER 


BINARY 14-BIT 
REFERENCE COUNTER 


I fr 


4 


PHASE 

COMPARATOR 


19-BIT SHIFT REGISTER 


ml 


l-BIT SHIFT REGISTER 


I 

.lOIOIOIDIDi:; 

I 18-BIT LATCH | 


I 7-BIT LATCH [| 11 -BIT LATCH | 


PRESCALER 


_, 

I PROGRAMMABLE DIVID ER ] 


BINARY 7-BIT 

BINARY 11-BIT 

SWALLOW 

PROGRAMMABLE 

COUNTER 

COUNTER 




MONITOR 

FREQUENCY 

CHANGING 

CIRCUIT 


CHARGE 

PUMP 


i±^- 


CONTROL CIRCUIT 


]—*© 
*© 


ANALOG 

SWITCH 


O 


fouT 


-© 
-© 


CONTROL 

1-BIT 

LATCH 

m 


1 

I 


LE 


jData 


JCIcxjk 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

3 

OSCiN 

OSCqut 

1 

0 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSC|n and OSCqut* 

4 

Vp 

- 

Power supply input for charge pump and analog switch. 

5 

Vcc 

- 

Power supply voltage input. 

6 

Do 

0 

Charge pump output. 

The characteristics of charge pump is reversed depending upon FC input. 

7 

GND 

- 

Ground. 

8 

LD 

o 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference of fr and fp exists, this 
pin outputs low level. 

9 

NC 

- 

No connection. 

10 

t|N 

1 

Prescaler input. 

The connection with an external VCO should be AC connection. 

11 

Clock 

1 

Clock input for 19-bit shift register and 16-bit shift register. 

On rising edge of the clock shifts one bit of data into the shift registers. 

12 

NC 

- 

No connection. 

13 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit is high level and LE is high level, the data stored in shift register is trans¬ 
ferred to 15-blt latch. When this bit is low level and LE is high level, the data is trans¬ 
ferred to 18-bit latch. 

14 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored in shift register is transferred into latch de¬ 
pending upon the control bit. At the time, internal charge pump output to be connected 
to BISW pin because internal analog switch becomes ON state. 

15 

FC 

1 

Phse select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is re¬ 
versed. 

FC input signal is also used to control fo^t pin (test pin) output level, if or fp. 

16 

BISW 

0 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 
pin is high level), this pin outputs internal charge pump state. 

17 

^OUT 

0 

Minitor pin of phase comparator input. 

fout pin outputs either programmable reference divider output (f^) or programmable 
divider output (fp) depending upon FC pin input level. 

FC=H: It is the same as fr output level. 

FC=L: It is the same as fp output level. 

18 

20 

0P 

0R 

o 

o 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 

2 

19 

NC 

- 

No connection. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 


Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, stored 
data is transferred Into latch depending upon the control bit. 

Control data data Is transferred into 15-bit latch. 

Control data "L” data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 1 G-bit data format is 
shown below. 


IZ 


Control bit 
LSB 


Divide ratio of prescaler setting bit 
MSB 


ZL 


c 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W 


Divide ratio of programmable reference counter setting bit 




14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

S 

S 

s 

s 

s 

s 

s 

s 

s 

s 

S 

s 

s 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW:This bit selects divide ratio of prescaler. 

SW=H : 64/65 
SW=L : 128/129 

SI to SI 4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data is input from MSB side. 


PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown following page. 
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Control bit 
LSB 


MSB 


ZL 


c 

s 

s 

s 

S 

S 

S 

S 

S 

S 

S 

s 

s 

s 

s 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


h- 


Divide ratio of swallow 
counter 
setting bit 


Divide ratio of programmable 
counter 
setting bit 


7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

A 

S 

7 

5 

6 

S 

5 

s 

4 

s 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio: 0 to 127 



11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

18 

S 

17 

s 

16 

s 

15 

s 

14 

s 

13 

s 

12 

S 

11 

S 

10 

s 

9 

S 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 127) 

S8 to SI 8: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 


^VCO= [(PxN)+A] xfosC'*'f^ 

^vco-Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0^<127, A<N) 
fosc’Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383) 
P: Preset modulus of external dual modulus prescaler (64 or 128) 
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SERIAL DATA INPUT TIMING 


l,-t 521 ns 


Data S18=MSB; 

[siZ__si^ 

[ S9 S1 =LSBX C: control BIT 

*(SW) 

Clock ^ 

(S 

J14) ( 

T_ : 

58) 

L 

(S7) (S 

Jl_ 

1) (< 

f 

C; CONTROL BIT) 

_ 

LE 







1_ 



t2-* 


^ ta-* 

^t4-i. 

ts— 



NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one bit of data in the shift register. 


PHASE CHARACTERISTICS 


PC pin is provided to change phase characteristics of phase comparator. Char¬ 
acteristics of Internal charge pump output level (Oq), phase comparator output 
level (0R, 0P) are reversed depending upon PC pin input level. Also, monitor 
pin (fout) output level of phase comparator is controlled by PC pin input level. 
The relation between outputs (Dq, 0R, 0P) and PC input level are shown be¬ 
low. 



PC=:H or open 

PC=L 

Do 

0R 

0P 

W 

Do 

0R 

0P 

fout 

fr>fp 

H 

L 

L 

(fr) 

L 

H 

Z 

(fp) 

Wp 

L 

H 

Z 

(fr) 

H 

L 

L 

(fp) 

fr=fp 

Z 

L 

Z 

(fr) 

Z 

L 

Z 

(fp) 


VCO CHARACTERISTICS 



Note: Z=(High impedance) 


Depending upon VCO characteristics, PC pin should be set accordingly: 
When VCO characteristics are like Q , PC should bo set high or open circuit; 
When VCO characteristics are like (5) , PC should be set Low. 
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ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Dq) to be 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 


LE=H (Changing the divide ratio of internal prescaler) : Analog switch~ON 
LE=L (Normal operating mode) : Analog switch=OFF 

LPF time constant is decreased in order to insert a analog switch between LPFl and LPF2 when channel of PLL is changing. 
Thus, lock up time is decreased, that is, fast lock up time is achieved. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 


8.0 

V 

Input Voltage 

V, 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

+ 85 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Vaiue 

Unit 

Min 

Typ 

Max 

Power Supply Current 

•cc 

Note 1 

- 

8.0 

12.0 

mA 

Operating Frequency 

^in 

^in 

Note 2 

10 


1100 

MHz 

OSCiN 

bsc 


- 

12 

20 

MHz 

Input Sensitivity 

^in 

Pfjn 


-10 

- 

6 

dBm 

OSCiN 

Vosc 


0.5 

- 

- 

Vpp 

High-level Input Voltage 

Except fin 
and OSC|N 

V|H 


VccxO.7 

- 

- 

V 

Low-level Input Voltage 

V|L 


- 

- 

VccxO.3 

V 

High-level Input Current 

Data 

Clock 

i|H 


- 

1.0 

- 

MA 

Low-level Input Current 

l|L 


- 

-1.0 

- 

MA 

Input Current 

OSCiN 

bsc 


- 

±50 

- 

MA 

LE, FC 

Ile 


- 

-60 

- 

MA 

High-level Output Current 

Except Do 
and OSC- 

OUT 

VOH 

Vcc=5V 

4.4 

- 

- 

V 

Low-level Output Current 

VoL 


- 

- 

0.4 

V 

N-channel Open Drain 
Cutoff Current 

Do, 0P 

>OFF 

Vcc^Vp<8V 

- 

- 

1.1 

MA 

Output Current 

Except Do 
and OSC- 

OUT 

bh 


-1.0 


- 

mA 

lOL 


1.0 

- 

- 

mA 

Analog Switch On Resistor 

Ron 


- 

25 

- 

a 


NOTE 1; fin=1.1GHz, OSC|n=12MHz, Vcc=5V. Inputs are grounded and outputs are open. 

NOTE 2; AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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TYPICAL APPLICATION EXAMPLE 


Vpx(6V) 

fiokn I 


Charge Pump 
Selection 
(Internal or 
external) 


, OUTPUT 


FROM 

CONTROLLER 


I 0R [0P [BISW |FC I LE [Data [dock S47k£2^ 47kO 

20 19 18 17 16 15 14 13 12 11 rjr 


123 4 5 6 7 89 10 


OSCjN 

OSCou Vp 

Huh 

X'tal 

► 


6V 

IC 1 I 

1C2 LJ” 


lOOOp Vcc(5 V) 

^lOOkn 


3 ; ^ 


LOCK DET 


Vn. Vpx : 

8V max. 

Cf, C 2 : Depends on crystal oscillator 
LE,FC : With internal pull up resistor 
0P : Open drain output 


^2 
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PACKAGE DIMENSIONS 


20-LEAD PLASTIC FLAT PACKAGE 



©1991 FUJITSU LIMITED F20012S-2C 


Dimensions in 
inches (millimeters) 


All Rights Reserved. Circuit diagrams utiiizirtg Fujitsu products are included as a means of The Informatiort contained in this document does not convey any license under the 

illustrating typical semiconductor applications. Complete Information sufficient for construe- copyrights, patent rights or trademarks claimed and owned by Fujitsu. Fujitsu reserves the 


tion purposes is not necessarily given. The information contained in this document has been 
carefully checked and is believed to be reliable. However. Fujitsu assumes no responsibility 
for inaccuracies. 


right to (^ange products or specifications without nr^ice. No part of this publlcafion may be 
copied or reproduced in any form or by any means, or transferred to any third party without 
prior written consent of Fujitsu. 
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DATA SHEET 

MB15B13 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 



DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 1.1GHz PRESCALER 

The Fujitsu MB15B13 is a 1.1 GHz dual serial input PLL (Phase Locked Loop) frequency 
synthesizer designed for cellular phones, cordless phones and other radio applications. 

The MB15B13 has two PLL circuits on a single chip: PLL1 and PLL2. An analog switch is 
provided for each PLL circuit to decrease lock uptime. Separate powersupply pins are provided 
for each PLL circuit as well. 

Two 1.1GHz dual modulus prescalers are included inside and enables a pulse swallow function. 
It operates with a supply voltage of 3.0V typ. and dissipates 13 mA typ. of current realized 
through the use of Fujrtsu’s unique Bi-CMOS technology. 




FEATURES 

• High operating frequency: fin = 1.1 GHz (Pin =-10 dBm, Vcc = 3V) 

• Pulse swallow function: 64/65 or 128/129 

• Serial Input 14-bit programmable reference divider: R = 8 to 16383 

• Serial input 18-bit progr^mable divider consisting of: 

- Binary 7-blt swallow counter: 0 to 127 

- Binary 11-bit programmable counter 16 to 2047 

Tx and Rx programmable counters can be controlled independently. 

• Low power supply voltage: Vcc = 2.7 to 3.5V 

• Low power supply current: Ice (total) = 13 mA typ. (Vcc = 3V) 

• Power saving function : lcci = Icc 2 = 100 |iA typ (Vcc - 3V) 

• On-chip analog switch to achieve fast lock up time for PLL1 

• On-chip programmable switche controlled by PLL2 programming sequence 

• Digital lock detector 

• Wide operating temperature: T^ = -30 to 80"C 

• Plastic 20-pin SSOP package 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Remark 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to 5.0 

V 

Output Voltage 

VOUT 


-0.5 to Vcc +0.5 

D 

Open Drain Voltage 

VOOP 

fr,fp 

-0.5 to + 5.0 

V 

Output Current 

lOUT 


±10 

mA 

Storage Temperature 

TSJG 


-55 to +125 

m 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


PIN ASSIGNMENT 


gndI 

1 

20 

OSCinI 

2 

19 

OSCoutI 

3 

18 

fini 

4 

17 

Vccll 

5 

TOP 



VIEW 


.6 

15 

LDll 

7 

14 

gnd| 

8 

13 

Doll 

9 

12 

BS1 d 

10 

11 


|LE 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated voltages 
to this high impedance circuit. 
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BLOCK DIAGRAM 


osciN(n 

OSCouToV 


Intermittent 

-1 

—21-bit latch fPLLII - 

BSC1 

Digital lock detector 

(forPLLI) Ip 

=r> . ' 


(for PLL1) 


L Crystal J 
oscillation 
circuit , 

Intermittent 
mode control 
{forPLL2) 

. — I PF 

Prescaier 

{PLL2) 


Binary 7-blt 
swallow count- 
er (PLL1) 


Binary 11-bit 
programmable 
counter (PLL1) 


Binary 14-bit refer- 
ence counter 


21-bit latch (PLL2)L 


Binary 7-bit Ll Binary 11-W| l±L 
swallow count- programmable 

er fPLL2l counter (PLL2) 


Phase Charge 

:omparator pump 

(PLL1) (PLL-1)- 


fp monitor 
output 
selector 


Digital lock detector 
(forPLL2) 


Phase Charge 

comparator_^ pump _ 

(PLL2) (PLL-2) 


Latch selection 
circuit 




Clock/^^ Schmitt 
circuit 


23-blt shift 
register 


Vcc 2 GND GND 
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PIN DESCRIPTIONS 


Pin No. 


Pin Name 


I/O 


1 GND 


Ground. 


Descriptions 


2 

3 


OSCIN 

OSCouT 


! 

O 


4 fin1 I 


5 Vcci 


6 fr 


O 


Oscillator input pin. 

Oscillator output pin. 

A crystal is connected between OSCin pin and OSCout pin. 


Prescaler input pin of PLL1 section. 

The connection with VCO should be AC. 


Power supply voltage input pin of PLL1 section. 

When power is OFF, latched data of PLL1 section Is cancelled. 


Monitor pin for programmable reference divider output. (Open drain output) 


7 LD1 


O 


Lock detect signal output pin of PLL1 section. 


8 GND 


9 Do1 


O 


10 


11 


12 


13 


BS1 


BS2A 


Do2 


BS2B 


O 


I/O 


o 


I/O 


14 


LD2 


O 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


Ground 


Charge pump output pin of PLL1 section. 


Analog switch output pin of PLL1 section, and controlled by BSC bit. 


Analog switch I/O pin of PLL2 section 


Charge pump output pin of PLL2 section. 


Analog switch I/O pin of PLL2 section 


Lock detection signal output pin of PLL2 section. 


15 


fp 


O 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


Monitor pin for programmable divider output. (Open drain output) 

This pin outputs divided frequency of PLL1 section or PLL2 section depending upon FP bit setting. 


FP bit 

Output 

H 

PLL1 section (fpl) 

L 

PLL2 section (fp2) 
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PIN DESCRIPTIONS (Continued) 


Pin No. 

Pin Name 

I/O 

Descriptions 

16 

Vcc2 

“ 

Power supply voltage input pin for PLL2 section, programmable reference divider, shift register, and 
crystal oscillator. 

When power is OFF, latched data of PLL2 section and reference counter is cancelled. 

17 

fln2 

' 

Prescaler input pin of PLL2 section. 

The connection with VCO should be AC. 

18 

LE 

1 

Load enable input pin. This pin is followed by a schmitt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch depending on a 
control data. 

19 

Data 

1 

Serial data input pin of 23-bit shift register. This pin is followed by a schmitt trigger circuit. 

The stored data in the shift register is transferred to one of PLL1 section, PLL2 section and program¬ 
mable counter depending upon control data settings. 

20 

Clock 

' 

Clock input pin of 23-bit shift register. This pin is followed by a schmitt trigger circuit. 

On rising edge of the clock, one bit of data is transferred into the shift register. 


FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 
fvco = {(P X N) + A} X lose -H R (A < N) 

fvco: Output frequency of external voltage controlled oclllator (VCO) 

P: Preset divide ratio of dual modulus prescaler (64 or 128) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0< A < 127) 
fosc: Reference oscillation frequency 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is entered using three pins, Data pin, Clock pin, and LE pin. Programmable divider of PLL1 section, programmable divider of PLL2 
section and programmable reference divider are controlled individually. 

Serial data of binary data is entered into Data pin. 

On rising edge of clock, one bit of serial data is transferred into the shift register. When load enable signal is high, the data stored in the shift register 
is transferred to one of latch of them depending upon the control bit data setting. 


Control bits 

Destination of serial data 

CNT1 

CNT2 

L 

L 

Reference counter 

L 

H 

Programmable counter of PLL1 

H 

H 

Programmable counter of PLL2 



SHIFT REGISTER CONFIGURATION 


Programmable Reference Counter 


LSB Data Flow-► 

j_ i 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

C 

C 

F 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

M 

N 

P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

T 

T 
















1 

2 

















R1 to R14 ; Divide ratio setting bit for the programmable counter (8 to 16383) 
FP : Test purpose bit (monitor output fp1/fp2 selection) 

ChJT1,2 : Control bit 


Programmable Counter 


LSB Data Row- ^ 

j 1 _ i 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

C 

C 

P 

P 

B 

A 

A 

A 

A 

A 

A 

A 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

S 

R 

S 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

T 

T 


E 

C 



















1 

2 























NItoNII 
A1 to A7 
BSC 
PRE 
PS 

CNT1.2 


: Divide ratio setting bit for the programmable counter (16 to 2047) 
: Divide ratio setting bit for the swallow counter (0 to 127) 

: Analog switch control bit 

: Divide ratio setting bit for the prescaler (64/65,128/129) 

: Power saving control bit 
: Control bit 
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BINARY 14-BIT PROGRAMMABLE REFERENCE COUNTER DATA SETTING 


Divide 

Ratio 

(R) 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 
















16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: • Divide ratio less than 8 is prohibited. 

• Divide ratio (R) range = 8 to 16383 

BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


Note: • Divide ratio less than 16 is prohibited. 
• Divide ratio (N) range 16 to 2047 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

V 

V 

V 

V 

V 

V 

V 

~ 

V 

V 

V 


2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

V 

V 

V 

V 

V 

V 

V 

V 

127 

1 

1 

1 

1 

1 

1 

1 


Note:* Divide ratio (A) range = 0 to 127 


PRESCALER DATA SETTING 


Divide Ratio 

PRE 

64/65 

1 

128/129 

0 


Note: • Divide ratio for each PLL1 and PLL2 is set by the serial data 
at that time of divide ratio setting for each programmable 
divider. 


ANALOG SWITCH CONTROL DATA SETTING 


BSC 

AnaiogSW(PLLI) 

Analog SW (PLL2) 

L 

High impedance 

High impedance 

H 

Charge pump output 

BS2A and BS2B connected 


Note:* Selection of PLL1 or PLL2 is done by the control bits of CNT1 and CNT2. 
And each analog switch can be controlled individually. 
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POWER SAVING FUNCTION CONTROL (INTERMITTENT OPERATION) 



PS 

H 

L 

PLLI’s section 

ON 

OFF 

PLL2's section and 
common section 

ON 

OFF 


Note; • Power saving mode for each PLL1 and PLL2 Is selected by the serial data at that time of divide ratio setting 
for each programmable divider. 

• Common section ; Crystal oscilator circuit, reference counter 


Intermittent operation limits power consumption by shutting down or start the internal circuits case by case. If device 
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined 
phase relationship between the reference frequency (Ir) and the comparison frequency (fp) and frequency lock is lost. 

To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by 
forcibly correcting phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS is set 
high, the circuit enter the operating mode. If PS is set low, operation stops and the device enters the stand*by mode. 

The operating and stand*by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly 
correcting the phase of the reference and comparison frequencies to limit power consumption. 



I 

SERIAL DATA INPUT TIMING 


t1 (> 100ns) : Data set up time t2(>1000ns) : Data hold time t3{>300ns): Clock pulse width 

t4 (>100ns) : LE set up time to the rising edge of the last clock tS (>800ns): LE pulse width 



_rLLrL..iiJ_rL._r)_n 


LE 


* ti ' 


t2~- 






On rising edge of the clock, one bit of the data is transferred into the shift register. 
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PHASE COMPARATOR OUTPUT WAVEFORM 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

3.5 

V 

Vcc1 = Vcc2 

Input Voltage 

ViN 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-30 

- 

+80 

®C 


Analog Switch BS2 Current 

IBS 

-6 

- 

+6 

mA 

Vcc = 3.0V 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or renraving the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

CondltloR 


Unit 

lllllllllllll 

tVp 

lllllllllllll 

Power Supply Current 

led 

PLL1 section 

- 

6.0 (0.1)^ 

- 

mA 

Icc2 

PLL2 & common sections 

- 

7.0 (0.1) 

- 

Operating Frequency 

fin 

fin 


100 

- 

1100 

MHz 

OSCiN 

fosc 


- 

12.8 

20.0 

Input Sensitivity 

fin 

Pfin 

50Q 

-10 

- 

0 

dBm 

OSCiN 

Vosc 


0.5 


- 

Vp-p 

High-level Input Voltage 

Data, 

Clock 

LE 

VIH 


vccxo. 7 + 0.4 

- 

- 

V 

Low-level Input Voltage 

VIL 


- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock 

LE 

IlH 


- 

1.0 

- 

pA 

Low-level Input Current 

IlL 


- 

-1.0 

- 

Input Current 

OSCiN 

lose 


- 

±50 

- 

High-level Output Voltage 

LD 

VOH 

Vcc = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VOL 

Vee = 3.0V 

- 

- 

0.4 

High-impedance Cutoff 
Current 

Do. BS 

lOFF 



- 

1.1 

pA 

Output Current 

LD 

lOH 


- 1.0 

- 

- 

mA 

lOL 



- 

1.0 

D 0 I .2 

lOH 

Vcc 3.0V 

I 

*2 

-0.6 

- 

mA 

lOL 

Vcc * 3.0V 

- 

6.0 

- 

Analog Switch ON Resistance 

Ron 


- 

50 

- 

Q 


Notes: *1 : The value In () is power supply current in power saving mode. 
*2 : L type charge pump which is similar to MB15A31’s is used. 
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TEST CIRCUIT (PRESCALER INPUT SENSITIVITY) 
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PACKAGE INFORMATION 
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DS04-21316-1E 


DATA SHEET 


FUjiTSU 


MB1513 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER WITH POWER 
SAVING FUNCTIONS (1.1 GHz) 


The Fujitsu MB1513 is a serial input phase-locked loop (PLL) frequency synthesizer with a 
pulse-swallow function. A stand-by mode is provided to limit power consumption during 
intermittent operation. 

The MB1513 is configured of a 1.1 GHz dual-modulus prescaler with selectable 128/129 
divide ratio, control signal generator, 16-bit shift register, 15-bit latch, programmable 
reference divider (binary 14-bit programmable reference counter), 1-bit switch counter, 
phase comparator with phase conversion function, charge pump, crystal oscillator, 19-bjt 
shift register, 18-bit latch, programmable divider (binary 7-bit swallow counter and binary 
11-bit programmable counter), analog switches, and an intermittent operation control 
circuit that selects the stand-by or operating mode depending on the power-save control 
input state (PS). 

The MB1513 operates from a single +5 V supply. Fujitsu’s advanced process technology 
achieves an Ice 8mA, typical. The stand-by mode current consumption is just 10OpA. 

FEATURES 


High operating frequency : f|N = 1.1GHz (P|m= -10 dBm) 

Pulse-swallow function : High-speed dual-modulus prescaler with selectable 

128/129 divider ratio 


Low supply current : Ice = 9 typ. at 5V 

Power-saving stand-by mode : lOOpAtyp. 

Serial input, 18-bit programmable divider consisting of: 

- Binary 7-bit swallow counter : 0 to 127 

- Binary 11-bit programmable counter: 16 to 2,047 

Serial input 15-bit programmable reference divider consisting of: 

- Binary 14-bit programmable reference counter: 8 to 16,383 

- 1 -bit switch counter sets prescaler divide ratio 


On-chip analog switch for fast lockup 
On-chip charge pump minimizes system component count 
Wide operating temperature range: -40 to +85°C 
Plastic 20-pin shrink small outline package (Suffix: PFV) 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. 


Copyright©1994 by FUJITSU LIMIEO 
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PIN ASSIGNMENT 


(TOP VIEW) 



PS 

NC 

fR 

BiSW 

FC 

LE 

Data 

NC 

Clock 


ABSOSUTE MAXIMUM RATINGS(See NOTE) 


Ratings 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Vp 

Vcc ^Vp< 10.0 

V 

Output Voltage 

Vo 

—0.5 to Vcc +0,5 

V 

Output Current 

>0 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

"C 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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BLOCK DIAGRAM 


OSCinQ' 


Oscillator 


|oSCoui(^ 

Vp (3) 

VccQ 


Do 
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PS1 
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Charge 
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LD 0^Lock Detec 
tion Circuit 


SW 


f|N 
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JiZOIOIDIlJ 
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]i 
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JlIDIOIOIlJ 
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Counter 
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Control Cir¬ 
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PS1 
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19-bit Shift Register 
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< 7-bit Latch I 


11-bit Latch 




IjiDimraraitl 

I Programmable Divider i 
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Counter 


I-L-L- 


1 
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Program¬ 
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Control Circuit 
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To Lock Detector 


PS1 


Phase 

Comparator 
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cuit 


H Charge •—« 

Pump -p—• ■ 


ry 


0 fp 


From 

Phase 

Comparator 


^BiSW 


L-© FC 
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LE 


1-bit 


Schmitt 

Control 


Trigger 
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1 

Schmitt 

Trigger 



L-A 

Data 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

OSCjN 

1 

Programmable reference divider input 

Oscillator input 

An external crystal is connected to this pin. 

2 

NC 

- 

No connection 

3 

OSCqut 

0 

Oscillator output 

An externa! crystal is connected to this pin. 

4 

Vp 

- 

Power supply input for charge pump and analog switch 

5 

Vcc 

- 

Power supply 

6 

Do 

0 

Charge pump output 

The phase of the charge pump Is reversed depending on the FC input. 

7 

GND 

- 

Ground 

8 

LD 

0 

Phase comparator output 

The output level is high when LD is locked. The output level Is low when LD Is unlocked. 

9 

NC 

- 

No connection 

10 

^IN 

I 

Prescaler input 

An external VCO is AC-coupled to this pin. 

11 

Clock 

I 

Clock input for 19-bit and 16-bit shift registers 

One bit of data is shifted into the registers on the rising edge of the clock. 

A Schmitt trigger circuit is involved. 

12 

NC 

- 

No connection 

13 

Data 

1 

Binary serial data input 

The last bit of the data is a control bit. 

When the control bit is high, data is transmitted to the 15-bit latch. 

When the control bit is low, data is transmitted to the 18-bit latch. 

A Schmitt trigger circuit is involved. 

. 

14 

LE 

1 

Load enable signal input 

When LE is high, the contents of the shift register are transferred to a latch, depending on the 
control bit in the serial data. At the same time, an internal analog switch turns on and the 
output of the internal charge pump is connected to the BiSW pin. 

A Schmitt trigger circuit is involved. 

15 

FC 

I 

Phase select input of phase comparator (with internal pull-up resistor) 

When FC is low, the characteristics of the charge pump and the phase comparator are reversed. 
The FC input signal is also used to control the fOUT pin (test pin) of fR or fp 

16 

BiSW 

0 

Analog switch output 

Usually, BiSW is in the high-impedance slate. When the switch is on (LE is high), the charge 
pump is connected to the BiSW pin. 

17 

ip 

o 

Programmable counter output monitor pins 

18 

iR 

0 

Reference counter output monitor pin 

19 

NC 

- 

No connection 

20 

PS 

1 

Power save signal input 

Set low when the system is operating (never use pin 20 as it is opened) 

PS = High : Operation mode 

PS = Low : Stand-by mode 
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FUNCTIONAL DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation: 

fvco = [(MxN) + A]xfosc^R (A<N) 

^vco • Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11 -bit programmable counter (16 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

fosc ■ Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14-bit programmable reference counter (8 to 16,383) 

M : Preset divide ratio of prescaler (128) 

Serial data input 

Serial data is input using the Data, Clock, and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit 
programmable divider separately. 

Binary serial data is input to the Data pin. 

One bit of data is shifted into the Internal shift registers on the rising edge of the clock. When the load enable pin is high or open, 
stored data is latched, depending on the control as follows: 


Control Data 

Destination of Serial Data 

H 

15-bit latch 

L 

18-bit latch 



(a) Programmable reference divider ratio 

The programmable reference divider consists of a 15-bit latch and a 14-bit reference counter. The 16-bit serial data format Is 
shown below: 


Direction of data shift 


Control bit Divide ratio setting bit for prescaler 

LSB MSB 



S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 


C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

SW 


Divide ratio setting bit for programmable reference counter 
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• 14-bit programmable reference counter divide ratio 


Divide Ratio 

S 

s 

$ 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

R 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


(Divide ratio = 8 to 16,383) 


Notes: 


1. Divide ratios less than 8 are prohibited 

2. SW: This bit selects the divide ratio of the prescaler 
SWLow: 128 or 129 

(SW must be always be low.) 

3. SI to SI 4: These bits select the divide ratio of the programmable reference counter (8 to 16,383) 

4. C: Control bit: Set high 

5. Data is input from the MSB. 


(b) Programmable divider divide ratio 

The programmable divider consists of a 19-bit shift register, 18-bit latch, 7-bit swallow counter, and an 11 -bit programmable 
counter. The 19-bit serial data format is shown below: 


Direction of data shift 
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• 7-bit swallow counter divide ratio 


11-bit programmable counter divide ratio 


Divide 

ratio 

N 

S 

18 

B 

s 

16 

s 

15 

B 

s 

13 

s 

12 

B 

B 

s 

9 

s 

8 

16 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

17 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

■1 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

2047 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


Divide 

ratio 

A 

S 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 



B 

B 

B 

B 

B 

B 


HI 

B 

B 

B 

B 

B 

B 


HI 

B 

B 

B 

B 

B 

B 


127 

B 

B 

B 

B 

B 

B 



(Divide ratio = 0 to 127) (Divide ratio = 16 to 2,047) 


Notes: 


1. Divide ratios less than 16 are prohibited for 11 -bit programmable counters 

2. SI to S7: These bits select the divide ratio of swallow counter (0 to 127) 

3. S8 to S18: These bits select the divide ratio of programmable counter (16 to 2,047) 

4. C: Control bit: (Set low) 

5. Data is input from the MSB. 



Serial data input timing 

• t-i (> 1 ps): Data setup time \2 (^ 1 ps): Data hold time ta (> 1 ps): Clock pulse width 

t 4 (> 1 ps): LE setup time to the rising edge of last clock ts (> 1 ps): LE pulse width 


510)^(39 Sy^C: control bit 

(SW) (*1) 

(S14) (S8) • (S7) (SI) (C: Control bit) 

Clock 


LE _ 

1 1 1 III |—1 

1 II '''II 

1 II '''II 


1 II 1 1 1 1 1 


*2—; — !*■ ’3 *: i'* r^t4 

ts->; 


* 1 : Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected. 
Note: One bit of data is shifted into the shift register on the rising edge of the clock. 
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Intermittent operation 

Intermittent operation limits power consumption by shutting down or starting the internal circuits according to their necessity. If 
device operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an 
undefined phase relationship between the reference frequency (fp) and the comparison frequency (fp) and frequency lock is lost. 
To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly 
correcting the phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS is set high, the 
circuit enters the operating mode. If PS is set low, operation stops and the device enters the stand-by mode. Each mode is 
explained below: 

• Operating mode (PS = High) 

All circuits are operating, and PLL operation is normal. 

• Stand-by mode (PS = Low) 

Circuits that do not affect operation are powered-down to save power. 

The current in the power save state is typically 10OpA. 

At this time, the levels of Dq and LD are the same as when the PLL is locked. 

Since Dq is placed in the high-impedance state and the input voltage of the voltage-controlled oscillator (VCO) is set to the 
voltage in the operating mode (when locked) by the time constant of the low-pass filter, the frequency output from the VCO 
(^vco) 's kept at the locking frequency. 

The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly correcting the 
phase of the reference and comparison frequencies to limit power consumption. 

The device must be set in the stand-by mode (PS = low) when it is powered up. 


Relationship between FC input and phase characteristics 

The FC pin controls the phase characteristics of the phase comparator. The internal charge pump output level (Dq) is reversed 
depending on the FC pin input level. The relationship between the FC input level and Dq is shown below: 



FC = High or open 

FC = Low 

fq > fp 

H 

L 

fp < fp 

L 

H 

fp =fp 

Z(*1) 

Z(*1) 


*1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO characteristics. 


*: When the VCO characteristics are similar to 

Q . set FC high or open. 

•: When the VCO characteristics are similar to Frequency 

(i) , set FC low. 

\ / 

\ / 

\ / 

\ / 

\ / 

\ / 

\/ 

/\ 

/ \ 

/ \ 

/ \ 

/ \ 

/ \ 

/ \ 

© © 


VCO Input Voltage -► 
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Phase comparator output waveform (FC = High) 


r 


r 



fp = fp fp > fp fp = fp fp < fp fp = fp fp = fp fp = fp 


Notes; 1 . Phase difference detection range: -2n to +2k 

2. Spike appearance depends on the charge pump characteristics. The spike is output to diminish dead 
band. 

3. When fp > fp or fp < fp a spike might not appear, depending on the charge pump characteristics. 

4. LD is low when the phase difference is tw or more. LD is high when the phase difference is tw or less for 
three or more continuous cycles (when fosciN = ‘•2.8 MHz, tw = 625 to 1,250 ns). 


Analog switch 

The LE signal turns the analog switch on or off. When the analog switch is turned on, the charge pump output (Dq) is output 
through the BiSW pin. When it is turned off, the BiSW pin is In the high-impedance state. 

When LE = high (when the divide ratio of the internal divider is changed): Analog switch = on 
When LE = low (normal operating mode): Analog switch = off 

The LPF time constant can be decreased by inserting an analog switch between LPF1 and LPF2. This decreases the lock-up time 
when the PLL channel is changed. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vqq < vp < 8.0 

V 

Input Voltage 

V, 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

m 


HANDLfNG PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly 
grounded. Cover workbenches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 


























_ MB1513 

ELECTRICAL CHARACTERISTICS 


Parameter 


Value 


Conditions 


Min 

lyp 

Max 

unii 

Supply Current 

■cc 

- 

8.0 

- 

mA 


Stand-by Current 

IPS 

- 

100 

- 

pA 

- 

Operating Frequency 

f|N 


10 

- 

1100 

MHz 

AC coupling.The minimum 
operating frequency is 
measured with a lOOOpF 
capacitor connected 

OSC||vj 

^OSC 

- 

12 

20 

MHz 

- 

Input Sensitivity 

^IN 

PfIN 

-10 

- 

6 

dBm 

- 

OSCjfsj 

Vosc 

0.5 

- 

- 

Vp-p 

- 

High-level Input Voltage 

Except f|N and 
OSC|N 

ViH 

Vec X 0.7+0.4 

- 

- 

V 

- 

Low-level Input Voltage 

V|L 

- 

~ 

Vcc X 0.3-0.4 

V 

- 

High-level Input Current 


l|H 

- 

1.0 

- 

pA 

- 

Low-level Input Current 


IlL 

- 

-1.0 


fxA 

- 

FC 

Jpc 

- 

-60 

- 

pA 

- 

Input Current 

OSCiN 

bsc 

- 

±50 

- 

pA 

- 

High-level Output Voltage 

Except Do and 
OSCqut 

VoH 

4.4 

- 

- 

V 

> 

lO 

II 

o 

o 

> 

Low-level Output Voltage 

VoL 

- 

- 

0.4 

V 

- 

High-impedance 

Cut off Current 

Do 

•off 

- 

- 

1.1 

pA 

Vdo = GND to 8V 

Vcc ^ Vp < 8V 

Output Current 

Except Do and 
OSCouT 

lOH 

-1.0 

- 

- 

mA 

- 

lOL 

1.0 

- 

- 

mA 

- 

Analog Switch ON Resistance 

Ron 

- 

25 

- 

Q 

- 
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TEST CIRCUIT 
(FOR MEASURING PRESCALER INPUT SENSITIVITY) 
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PACKAGE DIMENSIONS 


(0.65±0.12) 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M03) 


*.256±.004 

(6.50±0.10) 




.252±.008 

(6.40±0.20) 


♦.173±.004 

{4.40±0.10) 


(0-22!S:Js) 


*:This dimension does not include resin protruction. 


+'008 
‘>'•9-.004 

9C+0.20. 


(MOUNTING HEIGHT) 


£17 I .004(0.10) I 


.213(5.40) NOM 


+.002 in .(-+ 0 . 05 \ 

•006_qq^ (0-15_o,o2) 


Details of ”A” part 
.004±.004 

-V t t t- v t v t- (STANDOFF 
(O.IOtO.10) HEIGHT) 


Ul .020±.008 

{0.50±0.20) 


©1991 FUJITSU LIMITED F20012S-2C 


Dimensions in 
inches (millimeters) 
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MB1514 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 400MHz PRESCALER 

The Fujitsu MB1514 Is a dual serial Input PLL (phase locked loop) frequency syn¬ 
thesizer designed for cordless telephone applications. 

The MB1514 has two PLL circuits on a single chip; one for transmission (PLL-1) 
and the other for reception (PLL-2). Separate power supply pins are provided for 
each PLL circuit. Transmission PLL contains a low sensitivity charge pump for 
modulation, and reception PLL contains a high sensitivity charge pump for fast 
lock-up time. 400MHz dual modulus prescalers are provided and enables a pulse 
swallow function. 

MB1514 operates at 3.0 V typ. power supply voltage and dissipates 8mA typ. of 
current realized through the use of Bi-CMOS technology. 

FEATURES 

• Low voltage operation: Vcc = 2.2V to 4.2V 

• High operating frequency: fin = 400MHz (Pin = -1 OdBm, Vcc = 3.0V) 

• Low current consumption : Icc = 8mA typ. (Vcc = 3V) 

• Power saving function 

• Two charge pumps 

Low sensitivity charge pump for transmission (PLL-1) 

High sensitivity charge pump for reception (PLL-2) 

• Plastic 20-pin DIP package (Suffix; -P) 

Plastic 20-pin SOP package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS 


Raffngs 

Symbol 

Vblue 

Unit 

Supply Voltage 

Vcc 

-0.5 to +6.0 

V 

Output 

Voltage 

OSCouT, Do, BS 

Voi 

-0.5 to Vcc+0.5 

V 

LD, LFo 

V02 

—0.5 to +6.0 

V 

Output Current 

lo 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 



NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 




PLASTIC PACKAGE 
DIP~20P-M02 




PLASTIC PACKAGE 
FPT-20P-M01 


PIN ASSIGNMENT 


GND 

i: 

1 

20 

□ 

Clock 

OSCiN 

i: 

2 

19 

□ 

Data 

OSCouT 

c 

3 

18 

□ 

LE 

fini 

c 

4 

17 

□ 

fina 

Vcci 

c 

5 

16 

□ 

VCC2 

LD 

i: 

6 

15 

3 

PS 

LFoi 

i: 

7 

14 

□ 

LF02 

LFii 

c: 

8 

13 

□ 

LF!2 

Dot 

i: 

9 

12 

□ 

D02 

BS1 

c 

10 

11 

□ 

BS2 


DIP-20P-M02/ 

FPT-20P-M01 


This device contains circuity to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advrised that normal precautions be taken to 
avoid ap^ication of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 


Copyright© 1992 by FUJITSU LIMITED 
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BLOCK DIAGRAM 



1 

(PLL2) 



20-bit latch (PLL1) I 


counter (PLL1 


Reference counter 
(1700) 


20-bit latch (PLL2) 


Latch selection 
circuit 


LD/fr/fp1/fp2 

selector 






23-bit shift 
register 


1 » * 1—-1 






PS 

VCC2 

GND 

PULI ; Transmission section 

PLL2: Reception section 
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BLOCK DESCRIPTIONS 

TRANSMISSiON/RECEPTION BLOCK 

• 20-bit latch 

• Programmable divider: 

Binary 7-blt swallow counter (Divide ratio: 0 to 127) 

Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

The programmable dividers for transmission and reception are able to be controlled independently. 

• Phase detectors with phase polarity change function 

• 400MHz dual modulus prescalers (Divide ratio: 64/65) 

• Charge pumps 

• Transistors for LPFs 

• Analog swithes 

COMMON BLOCK 

• 23-bit shift register 

• Reference divider; 

Reference counter (Divide ratio: 1700) 

(Divide frequency = 12.5 kHz (Crystal oscillator frequency * 12.8 kHz)) 

• Crystal oscillation circuit 

• Latch selector 

• Shmitt circuits 

• LD/fr/fp output selector 
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PIN DESCRIPTIONS 


JPInNa 


10 


12 


13 


14 


15 


Symbol 


GND 


OSCiN 

OSCouT 


fini 


Vcci 


LD 


LFoi 


LFn 


Doi 


BSi 


BS2 


Do2 


LFi2 


LFo2 


PS 


I/O 


Pin Descriptions 

Ground. 

input and output of a reference divider and a crystal is externally connected between these 

pins. _ 

Input of a prescater of PLL-1 (Transmission section). 

Connection with a VCO should be AC (capacitor) coupling. 

Power supply for PLL-1 block. 

When power is cut off, PLL-1 block’s latched data is cancelled. 

Output of lock detectors, a reference divider, and programmable dividers. 

Output data is selected by data setting of LD bits in the serial data. This is open-drain output. 
Output of the transistor, used for transmission LPF. 

Input of the transistor, used for transmission LPF. 

Output of the charge pump(PLL-l). 

Phase polarity is inverted by FC bit setting in the serial data. 

Output of the analog switch(PLL-l). 

Usually this pin is high-impedance state. When LE is set to high, the state of the internal 
charge pump Is output. 

Output of the analog switch(PLL-2: reception section). 

Usually this pin is high-impedance state. When LE is set to high, the state of the internal 
charge pump is output. 

Output of the charge pump(PLL-2). 

Phase polarity Is inverted by FC bit setting in the serial data. 

Input of the transistor which is used for reception LPF. 

Output of the transistor which is used for reception LPF. 

Power saving control for PLL-2 circuits. 


PS 

state 

H 

Active state 

L 

Power saving state 

(Crystal oscillation circuit and PLL2 circuits are 
inactive) 
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PIN DESCRIPTIONS 


Pin No. 


Symbol 


I/O 


Pin Descriptions 


16 


VcC 2 


Power supply for PLL*2 circuits, a reference counter, a shift register, and a crystal oscillation 
circuit. When power is cut off, PLL-2 block's and reference counter’s latched data are 
cancelled. 


17 


fin 2 


Input of a prescaler of PLL-2. 

Connection with a VCO should be AC (capacitor) coupling. 


18 


LE 


Load enable signal input. This pin involves a schmitt trigger circuit. 

When this pin is high (LE=’’H”). the data stored in a shift register is transferred into the latch 
according to the control bit in the serial data. 

And at the moment, internal analog switch is cl 08 ed(ON). then each charge pump output 
signal is output through the BS pin. 


19 


Data 


Serial data Input. This pin involves a schmitt trigger circuit. 

The stored data in the shift register is transferred to either transmission or reception sections 
depending upon the control bit as follows. 


20 


Clock 


Control bit data 

The destination of data 

H 

Latch of PLL-1 (transmission) 

L 

Latch of PLL-2 (reception) 


Clock input pin of 23'bit shift register. This pin involves a schmitt trigger circuit. 
Each rising edge of the clock shifts one bit of data into the shift register. 


FUNCTIONAL DESCRIPTIONS 


Divide ratio can be set using the following equation: 
fvco = { (M X N) + A} X fosc ^ R (A < N) 

fvco: Output frequency of an external voltage controlled oscillator (VCO) 

M: Preset divide ratio of an internal dual modulus prescater (64) 

N: Preset divide ratio of binary 12-bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 5-bit swallow counter (0 ^ A ^ 127) 

fosc: Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of reference counter (1700) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is input using three pins; Data, Clock, and LE pins. Programmable dividers of PLL-1 and PLL-2 are con¬ 
trolled individually. 

Serial data of binary data is input to the Data pin. 

On rising edge of the clock shifts one bit of the data into the shift register. 

When the load enable (LE) is high, the data stored in the shift register is transferred to either the latch of the transmis¬ 
sion or the reception sections, depending upon the control bit setting. 


Control bit data 

The destination of data 

H 

Latch of PLL-1 (transmission) 

L 

Latch of PLL-2 (reception) 


SHIFT REGISTER COSTITUTION 


The last bit (Control bit) 
LSB 


□ me I 


Data Input Flow 


The first bit (MSB). 


:;-;l, 

■;;2V 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

c 

L 

L 

D 

F 

A 

A 

A 

A 

A 

A 

A 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

D 

D 

M 

C 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

T 

1 

2 

Y 





















N1 to N11 : Divide ratio of the programmable counter setting bit (16 to 2047) 
A1 to A7 : Divide ratio of the swallow counter setting bit (0 to 127) 

FC : Phase control bit of the phase detector 
DMY ; Dummy bit (set to "L" as a rule) 

LD2 : Select bit of LD output (LD, fr, fpl, fp2) 

LD1 : Select bit of LD output (LD, fr, fpl, fp2) 

CNT : Control bit 


BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


11 -bit programmable counter divide ratio (N1 to Nil) 


Divide ratio 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 













2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio less than 16 is prohibited. 
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BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


7-bit swallow counter divide ratio (A1 to A7) 


Divide ratio 

A 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

1 

0 









127 

1 

1 

1 

1 

1 

1 

1 



LD1, LD2 : LD OUTPUT SELECT 


LD1 

1.02 

LD Output 

1 

1 

Reference frequency (fr) 

1 

0 

PLL-1 programmable frequency (fpl) 

0 

1 

PLL-2 programmable frequency {fp2) 

0 

0 

Lock detector output 


DMY: DUMMY BIT 

Set to "L" as a rule 


SERIAL DATA INPUT TIMING 

ti 1 ^s); Data setup time t 2 1 ps): Data hold time t3 1 ps): Clock pulse width 

t4 1 ps); LE setup time to the rising edge of the last clock ts 1 ps): LE pulse width 


1 

• • 

• « 

• t 

• 1 

• t 

niii JLJ 

1 

t ( 

• i 

t t 

1 1 

1 1 

1 1 

1 

1 

1 

1 

1 

f 

_n_ 

* 1 

It-: 

^ t2-** tS '»!' 

* • 
f 

« 

< 1 

»- ti--*; ; 

4 ( 

< 1 


NOTE: On rising edge of the clock shifts one bit of the data into the shift register. 

When LE is high, the data stored in the shift register is transferred into the latch. 


4-315 







MB1514 


PHASE DETECTOR CHARACTERISTICS 

FC bit selects the phase of the phase detector. Phase characteristics (chage pump output) can be reversed depending upon 
the FC bit of the serial data. The phases of the charge pump outputs through LD pin are reversed depending upon the FC bit 
as well. 




FC = ’*L’* 

Doly Do2, LD(fp1&fp2) output 


Dot, Do2, LD(fp1 & fp2) output 

fr>fp 

H 

L 

fr = fp 

Z‘ 

Z* 

fr <fp 

L 

H 


*Z: High-impedance 

Depending upon the VCO polarity, FC pin should be set 
accordingly. 

When VCO polarity is Iike0 , the FC bit should be set at 
high. 

When VCO polarity is like© , the FC bit should be set at 
low. 


VCO POLARITY 




Note: Phase difference detection range : -2n to +2n 

Spike shape depends on the charge pump characteristics. The spike is output to diminish the dead band. 

LD output is "L" when the phase diference between the fr and fp is tw or more. When the phase difference is tw or 
less for three or more cycles. LD outputs ”H". (When foscin is 21.25MH2, tw is 376ns to 753ns.) 
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STAND-BY MODE & LOCK DETECTOR 


& 


Setting the power saving control pin input level, the crystal oscillation circuit and PLL-2 circuits become inactive, 
then MB1514 enters lower current consumption state. 



PS pin 

PLL-1 

PLL-2 

LO output 

Transmit/Receive 
active mode 

H 

Lock 

Lock 

H 

Lock 

Un-Lock 

L 

Un-Lock 

Lock 

L 

Receive active 
mode 

Stand-by 

Vcci * OFF 

Lock 

H 

Un-Lock 

L 

Stand-by mode 

L* 

Stand-by 

Vcci = OFF 

Stand-by 

L 


NOTE.When PS is ”L", the charge pump (Do2) of the PLL-2 becomes high-impedance state. 



ANALOG SWITCH 


ON/OFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog 
switch is ON. BS1, BS2 pins output the charge pump output (Dol, Do2). When the analog switch is OFF, BS pins are 
set to high-impedance state. 



Control data s H 

When the divide ratio of the 
PLL-1 is set 

Control data 3 L 

When the divide ratio of 
the PLL-2 is set. 

X 

II 

UJ 

-t 

LEsL 

LE = H 

11 

Ul 

J 

Analog Switch of transmit 
section 

ON 

OFF 

OFF 

OFF 

Analog Switch of receive 
section 

OFF 

OFF 

ON 

OFF 


When an analog switch is inserted between LPF-1 and LPF-2, fast lock up is achieved by reducing LPF time constant 
during PLL channel switching. 


CHARGE PUMP 


! Do 

4— rr^PTT - 


ANALOG SW 




• BISW 


- \ LPF-2 j - j VCO ] 


(CONTROL SIGNAL)- 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Wn. 

lyp- 

Max. 

Supply Voltage 

Vcc* 

2.2 

3.0 

4.2 

V 

Input Voltage 

ViN 

GND 

- 

Vcc 

V 

Ambient Temperature 

Ta 

-10 


+70 



*: Vcci = Vcc 2 


ELECTRICAL CHARACTERISTICS 


(VCC 1 = VCC 2 = 2.2V to 4.2V, Ta = -1 0°C to + 70°C) 


Parameter 

Symbol 

Condition 


Unit 

Min 

iiiiji 

Max 

Power Supply Cur¬ 
rent 

|CC1 

PLL-2 Current 

- 

4.0 

- 

mA 

|CC2 

PLL-1 + PLL-2 Current 

- 

8.0 


mA 

Operating Frequency 

fin 

flni 


10 

- 

400 

MHz 

OSCtN 

fosc 


- 

21.25 

- 

Input Sensitivity 

fin 

Pfin 

50Q system 

-10 

- 

0 

dBm 

OSCiN 

Vosc 


0.5 

- 

- 

Vp-p 

High-level Input Voltage 

Except fin 
and OSCiN 

ViH 


VccxO.7+0. 4 

- 


V 

Low-level Input Voltage 

ViL 



- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock, 

LE, PS 

IlH 


- 

1.0 


M.A 

Low-level Input Current 

III 


- 

-1.0 

- 

Input Current 

OSCiN 

lose 



±50 


LFI 

Ilf 




1.1 

High-level Output Voltage 

Except Do, 
OSCouT 

Vosc 

Vcc = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VOH 


- 

- 

0.4 

High-Impedance Cutoff 
Current 

Do, LFo 

lOFF 


- 

- 

1.1 

tiA 

LD 


- 

- 

10.0 

Output Current 

Except Do, 
OSCouT 

lOH 


-1.0 

- 

- 

mA 

loL 


1.0 

- 

- 


4-318 




MB1514 


ELECTRICAL CHARACTERISTICS 


(Vcci = VCC2 = 2.2V to 4.2V. Ta = -lO^C to -t- 70°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

lyp 

Max 

Output Current 

Doi 

lOH 

Vcc * 3.0V 

- 

-0.5 

- 

mA 

lOL 

Vcc = 3.0V 

- 

12 

- 

mA 

D02 

lOH 

Vcc = 3.0V 

- 

-1.5 

- 

mA 

lOL 

Vcc = 3.0V 

- 

6 

- 

mA 

Analog Switch ON Resistance 

Ron 


- 

50 

- 

n 


TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY) 



HANDLING PRECAUTION 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device: take proper anti-ESD precautions. Ensure that personnel and equipment are properly 
grounded. Cover work-benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC bords with devices. 
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APPLICATION EXAMPLE 



NOTE; 

C1, C2 ; depends on the crystal oscillator. 

Clock, Data, LE : Using shmitt trigger circuits (When inputs are left open, puH-down or pull*up resistors are necessary 
to prevent oscillation.) 

Crystal : 21.25MHz 
LD : Open drain 
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PACKAGE DIMENSIONS (Continued) 
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MB1515 ASSP 

BiCMOS 2.5GHz PLL FREQUENCY SYNTHESIZER 
WITH BUILT-IN PRESCALER 

DESCRIPTION 

The MB1515 is a serial input PLL (Phase-Locked Loop) frequency synthesizer with 
a built-in prescaler allowing for a pulse swallow system in the two modulus 2.5 GHz 
band. It is suitable for BS and TV tuners and CATV systems. 

The synthesizer is powered by 5 V (typical). Using the latest proprietary process, 
current consumption has been reduced to Icc = 16 mA (typical). 

FEATURES 

• Supply voltage: Vcc = 5 V 

• High-speed operation capability: fin = 2.5 GHz (Pin = - 4 dBm) 

• Low current consumption: Icc = 16 mA (typical) 

• Broad operating temperature range: Ta = - 40“C to ^l■85°C 

• Integrated Functions 
24-bit shift register 
24-bit latch 
Reference divider 

Binary 2-bit programmable reference counter (Divide ratios: 256,512, 

1024, and 2048) 

Comparison Divider 

Binary 5-bit swallow counter (Divide ratios: 0 to 31) 

Binary 12-bit bit programmable counter (Divide ratios: 32 to 4095) 

Phase comparator with phase conversion feature 

Two modulus prescaler for 2.5 GHz band (Divide ratios: 256/272 and 512/528) 

4-bit band switching signals 
Control signal generator 
Crystal oscillator 
Charge pump 

MAXIMUM RATINGS 


RECOMMENDED OPERATING CONDITIONS 


NOTES: 

1. To prevent damage caused by static electricify, an antistatic element is added and 
antistatic enhancement is also built into the circuit. However, the following handling 
cautions must be observed: 

• Contain the device in a conductive case when storing or transporting it. 

• Before handling, verify that the person handling the device, fixtures, and tools are not 
charged (grounded). Use a grounded conductive sheet as the work surface. 

• Turn off power before connecting or disconnecting the device to or from the socket. 

• Protect the lead with a conductive sheet when handling (such as transporting) a 
board on which this device is mounted. 
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PIN ASSIGNMENT 


-r 



-c 

2 

19 

1 tout 

Data 

3 

18 

1 VcC2 

Clock 

4 

17 

1 fin 

Vcct 

5 

16 

[ GND2 

OSCin 

6 

15 

^ ffii 

OSCout ^ 

7 

14 

[ BC1 

GND1 

8 

13 

□ 

Doi 

9 

12 

1 BC3 

Doa 

10 

11 

1 BC4 
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PIN DESCRIPTION 


Pin No. 

Pin name 

I/O 

Descriprion 

1 

FC 

I 

Phase switch input pin to the phase comparator (with pull up resistor). This pin allows for inverting the polarity 
of phase comparator output, according to the polarity of the externally connected LPF and VCO. When FC is 
at V level, charge pump and phase comparator characteristics are reversed. This pin also toggles the output 
of the fout pin (test pin) between fr and fp. 

2 

LE 

I 

Load enable signal input pin (with Schmitt trigger circuit). The pin sends shift register contents to the latch 
when LE is at “H" (or open). 

IB3 

Data 

I 

Serial data input pin using binary codes (with Schmitt trigger circuit). 

m 


■ 

24-blt shift register clock input pin (with Schmitt trigger circuit). Data is read at the rising edge of the clock 
pulse. 

5 

Vcci 

- 

Power supply pin (for PLL). 

6 

OSCin 

I 

Cystal oscillator connect pin and reference divider input pin. (OSCin: Oscillator input pin, OSCout: Oscillator 
output pin) 

7 

OSCout 

0 

8 

GND1 


Grounding pin (for PLL) 

9 

D01 

0 

Charge pump output pin. Phase characteristics invert with FC pin settings. 

10 

D02 

0 

11 

BC4 

0 

Band switch output pin (open collector output). Output is controlled by the serial data band bit setting. 

When BCX bit is “H", the BCX output transistor turns ON. 

When BCX bit is “H", the BCX output transistor turns OFF. (X: 1 to 4) 

12 

BC3 

o 

13 

BC2 

0 

14 

BC1 

0 

15 

fin 

I 

fin’s complementary input pin. Connect to ground via a capacitor. 

16 

GND2 

— 

Ground pin (for prescaler). 

17 

fin 

I 

Prescaler input pin. Input using ac coupling. 

18 

VcC 2 

- 

Power supply pin (for prescaler). 

19 

tout 

0 

Phase comparator input monitor pin.Produces either the reference divider 
output (fr)or the comparison divider output (fp) signal depending on the 

FC pin’s input level. 

FC 

Output Signal 

“H” 

fr 

“L” 

fp 

20 

LD 

0 

Phase comparator output pin. LD is usually “H", and is set to “L" for the duration equivalent to the phase error 
between frand fp. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Value 

Units 

Min. 

TVp. 

Max. 

Power supply current 

be 

When Input at fin=s2.5GHz 
and OSCin= 4MHz, 

Vec=5V- Other input pins 
are GND and output pins 
are open. 

- 

16.0 

- 

mA 

Operating frequency 

fin 

fin 

Must be AC-coupled. The 
minimum operating fre¬ 
quency when coupled at 

1000 pF. 

100 

- 

2500 

MHz 

OSCln 

fosc 

— 

— 

4 

10 

MHz 

Permissible input voltage 

fin 

Pfin1 

2300 to 2500 MHz 

-A 

- 

6 

dBm 

Pfin2 

1900 to 2300 MHz 

-7 

- 

6 

dBm 

Pfin3 

1000 to 1900 MHz 

-10 

- 

6 

dBm 

Pfin4 

lOOtO 1000 MHz 

-20 

— 

6 

dBm 

OSCin 

Vosc 

— 

0.5 

- 

— 

Vp.p 

High level input voltage 

Other the fin 
and OSCin 

VlH 


VccxO.7 
+ 0.4 



V 

Low level input voltage 

V,L 

- 

- 

- 

VccxO.3 

-0.4 

V 

High level input current 

Data, Clock, 
LE 

l|H 

— 

— 

1.0 

— 

liA 


IlL 

— 

- 

-1.0 


iiA 

Low level input current 

FC 

•iLFC 

— 

— 

-60 

— 

ViA 

Input current 

OSCin 

hose 

— 

- 

±50 

- 

|xA 

High level output voltage 

Excluding 

Do and BC 

VoH 

When Vec = 5 V 

4.4 

— 

— 

V 

Low level output voltage 

VoL 

- 


— 

0.4 

V 

High impedance cutoff 
current 

00 1.2BC 

1 to 4 

ioFF 

- 

- 

- 

1.1 

liA 

Output current 

Excluding 

Do and BC 

bn 

— 

-1.0 

- 

- 

mA 

•oL 

— 

1.0 

- 

- 

mA 

Output voltage breakdown 

BC1 to 4 

Vb 

- 

- 

- 

12 

V 
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FUNCTIONAL DESCRIPTIONS 

1. Formula for calculation of divide ratio 

Set divider’s divide ratio according to the following formula; 

fvco = [(P X N) + (16 X A)] X fosc + R 
where 

fvco Externally connected VCO output frequency 

P Prescaler divide ratio (256 or 512) 

N Binary 12-bit programmable counter setting (32 to 4095) 

A Binary 5-bit swallow counter setting (0 to 31) 

fosc Reference oscillation frequency 

R Reference counter setting (256, 512, 1024, 2048) 


2. Serial data input procedure 

Serial data is input from three inputs, Data pin, Clock pin and LE pin, allowing for control of the 4-blt band switch setting, the 3-blt reference 
divider and the 17-bit comparison divider respectively. The data is sequentially fetched into the internal shift register at the rising edge 
of the clock and transferred to the latch when load enable is at the “H” level. 


The 24-blt shift register is configured as follows: 



• Band switch setting (BC1 to BC4) 

When data set in the band bits is at “H,” output is turned ON. When data is at “L," output is turned OFF. 

• Prescaier divide ratio (SW) 

Divided by 256/272 when data set in the SW bit is at “H.” Divided by 512/528 when data is at “L.” 
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• Divide ratios for 5-bit swaiiow counter (A1 to A5) 


Divide ratio A 

A5 

A4 

A3 

A2 

A1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

0 

0 

1 

0 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

e 

• 

31 

1 

1 

1 

1 

1 



• Reference counter divide ratios (R1 and R2) 


Divide ratio R 

R2 

R1 

256 

0 

0 

512 

0 

1 

1024 

1 

0 

2048 

1 

1 


• Divide ratios for 12-bit programmabie counter (N1 to N12) 


Divide ratios 

N12 

Nil 

N10 

N9 

N8 








0 

0 

0 

0 

0 

0 


1 

0 

0 

HH 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

1 


0 

0 

1 


• 

• 

• 

• 

• 

• 


• 

• 

• 


• 

• 

• 

• 

# 

• 

• 

I 


• 

• 

• 


• 

• 

4095 

1 

1 

1 

1 

1 1 

1 

1 

1 

1 

1 

1 

1 
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3. Serial data input timings 

When designing the synthesizer, control the FC pin according to the VCO polarity. 



*; Fetches data when LE is at "H” level. 


4. FC pin input in reiation to phase characteristics 

The FC pin switches the phase of the phase comparator. Phase characteristics (charge pump output) are inverted by controlling this 
pin. Output from the phase comparator input monitor pin (fout) is also controlled by this FC pin. The relation of FC pin input with Do and 
tout is as follows: 



FC: “H" (or open) 

FC: “L” 

D01, D02 

fout 

001,002 

fout 

fr>fp 

H 

Outputs reference 
divider output (fr) 

L 

Outputs comparison 
divider output (fp) 

fr=fp 

Z 

z 

fr<fp 

L 

L 


Z: high impedance 
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When designing the synthesizer, control the FC pin according to the VCO polarity. 


• Wien the VCO polarity is 0 in the figure, 
the FC pin is either at "IT or open. 

• When the VCO polarity is (g) in the figure, 
the FC pin is at “L". 




PHASE COMPARATOR OUTPUT WAVEFORMS 


(FC = H) H 


r^LJ~ 


n n 

r 

'i .'. -lir- 

■ u 


(FC = g 
Dot ,2 


“LT* 

fr > fp 


._rL._n 


fr = fp 


fr<fp 


fr < fo 


Notes: 

1. The phase error is detected in a range of - 2 n to +2 k. 


VCO ou^xit frequenc 
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ORDERING INFORMATION 


Parts Number 


Plastic SSOP, 20 pins 
(FPT-20P-M03) 


EXTERNAL DIMENSIONS 

20-pln plastic SSOP 
(FPT-20P-M03) 



.252±.008 

(6.40±0.20) 


*.173±.004 

(4.40±0.10) 


.0256±.0047 

(0.65±0,12) 


^”-■002 

(0.22!°:;°) 


.230(5.85) 

REF 


■ :This dimension does not include resin protraction. 


Q4g + .008 

^00^ (MOUNTING 

(.2«SSl 

-| 4C7 I .004(0 1^ I 


.213(5.40) NOM 


*+.002.^ -c+0.05x 

6_.ooi 



Details of "A" part 

(STANDOFF 
(0.10±0.10) HEIGHT) 


(0.50+0.20) 


(©1992 FUJITSU UMITED F20012S-2C 


Dimensions in 
inches (millimeters) 
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MBISAie 

1.2GHz HIGH-SPEED TUNING PLL FREQUENCY 
SYNTHESIZER 


The Fujitsu MB15A16 is a serial input phase-locked loop (PLL) frequency synthesizer 
with a pulse-swallow function, and is very suitable for the digital radio applications 
such as GSM. MB15A16 achieves the low noise performance as well as the high-speed 
lock-up which is required for digital cellular phones. 

The MB15A16 can operate from a single + 3 V supply and has an Icc of 7.0 mA (typical). 

FEATURES 

• High operating frequency : f|N = 1.2 GHz (Pi^ = -10 dBm) 

• Pulse-swallow function : High-speed dual-modules prescaler with selectable 

64/65 and 128/129 divide ratios 

• Low supply current : Iqc = 7.0 mA typ. at 3 V 

• Power saving funtion : Ips = 100 )iA typ. (Controlled with PS pin) 

• Serial input, 18-bit programmable divider consisting of: 

Binary 7-bit swallow counter :0to127 

Binary 11-bit programmable counter: 5 to 2,047 

• Serial Input 17-bit programmable reference divider consisting of: 

Binary 14-bit programmable reference counter: 6 to 16,383 
1-bit for setting a prescaler divide ratio (SW bit) 

1-bit for switching a phase polarity (FC bit) 

1-bit for selecting LD/fout (LDS bit) 

• On-chip high performance charge pump circuit and phase comparator, achieving 
high-speed lock-up and low phase noise 

• Two types of phase comparator outputs selectable 
On-chip charge pump output 

Output for an external charge pump 

• Wide operating temperature range: -40 to +85®C 

• Plastic 1 e-pin SSOP (shrink small outline) package (Suffix : -PFV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 


NOTE; Permanent device damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 




4-337 







































MB15A16 


PIN DESCRIPTION 


1 Pin No. 

Pin name 

I/O 

Description 

■ 

OSCiN 

■ 

Programmable reference divider input. 

Oscillator input. 

Connection for external a crystal or a TCXO. 

2 

OSCoUT 

0 

Oscillator output. 

Connection for an external crystal. 

3 

Vp 

- 

Power supply input for the charge pump. 

4 

Vcc 


Power supply Input. 

5 

Do 

H 

Charge pump output. 

Phase of the charge purpp can be reversed according PC input. 

6 

GND 

- 

Ground. 

7 

Xfin 

1 

Prescaler complementary input, and should be grounded via a capacitor. 

8 

fin 

1 

Prescaler input. 

Connection with an external VCO should be done AC coupled. 

9 

Clock 

1 

Clock input for 19-bit shift register. 

Data is shifted into the shift register on the rising edge of the clock. (Open is prohibited.) 

10 

Data 

1 

Serial data input using binary code. 

The last bit of the data is a control bit. (Open is prohibited.) 

Control bit = ”H”; Data is transmitted to the 17-bit latch. 

Control bit = ”L”; Data is transmitted to the 18-bit latch. 

11 

LE 

1 

Load enable signal input (Open is prohibited.) 

When LE is high, the data of the shift register are transferred to a latch, according to the 
control bit in the serial data. 

12 

PS 

1 

Power saving control input. This pin must be set at "L” at Power-ON. (Open is prohibited.) 

PS = ”H"; Normal mode 

PS = "L”; Power saving mode 

13 

NC 

- 

No connection. 

14 

LD/fouT 

O 

Lock detector output(LD)/Monitor pin of the phase comparator(fout). 

A LDS bit in a serial data switchs LD/fout pin’s output. 

LDS = "H” ; outputs fout 

LDS = ”L"; outputs LD 

15 

OP 

0 

Phase comparator output for an external charge pump. 

Phase of the output is reversed according to FC input. 

4>P pin is a N-ch open drain output. 

16 

OR 

0 

Phase comparator output for an external charge pump. 

Phase of the output is reversed according to FC input. 

OR pin is a C-MOS output. 
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FUNCTION DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation; 

lvco = l(MJ<N) + A)xfosc-"R (A<N) 

Ivco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11 -bit programmable counter (5 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

lose • Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14-bit programmable reference counter (6 to 16,383) 

M : Preset divide ratio of modules prescaler (64 or 128) 

Serial data Input 

Serial data is processed using the Data, Clock, and LE pins. Serial data controls the 16-blt programmable reference divider and 18-bit 

programmable divider separately. 

Binary serial data is entered via the Data pin. 

One bit of data is shifted into the internal shift register on the rising edge of the clock. When the load enable pin is high or open, stored 

data is latched depending on the control data as follows: 


Control data 

Destination of serial data 

H 

17 bit latch 

L 

18 bit latch 


(a) Programmable reference divider ratio 

The programmable reference divider consists of a 17-bit latch and a 14-bit reference counter. The serial 18-bit data format is 
shown below: 


Direction of data shift 


Control bit 
LSB 


Divide ratio setting bit for prescaler 


MSB 



S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 




C 

1 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

12 

13 

14 

SW 

FC 

LDS 


Divide ratio setting bit for programmable reference counter 


Phase switching bit —» 
LD/fout selecting bit 
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• 14-bit programmable reference counter divide ratio 


Divide ratio 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

S 

R 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Notes: 


(Divide ratio = 6 to 16,383) 

1. Divide ratios less than 6 are prohibited. 

2. SW : This bit selects the divide ratio of the prescater. 

Low: 128 or 129 
High: 64 or 65 

3. LDS: This bit selects LD/fout pin output 

High: outputs phase comparator monitoring signal(fout). 

Low: outputs lock detect signal(LD) 

4. FC: This bit selects phase characteristics. 

5. SI to SI4: These bits select the divide ratio of the programmable reference counter (6 to 16,383). 

6. C: Control bit: Set high. 

7. Start data input with MSB first. 


(b) Programmable divider divide ratio 

The programmable divider consists of a 19-bit shift register, a 18-bit latch, a 7-bit swallow counter, and a 11 -bit programmable 
counter. The serial 19-bit data format is shown below: 


Direction of data shift 
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• 7-bit swallow counter divide ratio • 11 -bit programmable counter divide ratio 



(Divide ratio = 0 to 127) (Divide ratio s= 5 to 2,047) 


Notes: 1. Divide ratios less than 5 are prohibited for 11-bit programmable counter. 

2. SI to S7: These bits select the divide ratio of swallow counter (0 to 127). 

3. S8 to SI 8: These bits select the divide ratio of programmable counter (5 to 2,047). 

4. C: Control bit: (Set low) 

5. Start data input with MSB first. 


Serial data input timing 

• ti (2:100ns): Data setup time t 2 (^ 1000ns): Data hold time ta (2 300ns): Clock pulse width 

t 4 (2 100ns): LE setup time to the rising edge of last clock ts (2 790ns): LE pulse width 
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Power saving mode (Intermittent operation control circuit) 

Setting PS pin to Low. MB15A16 enters into power saving mode resultatly current sonsumption can be limited to lOOpA (type¬ 
setting PS pin to High, power saving mode is released so that the device works normally. 

In addition, the intermittent operation control circuit is included which helps smooth start up from stand by mode. The power 
consumption can be reduced by the intermittent operation that powering down or waking up parts of the PLL circuitry. If a PLL is 
powered up uncontrolled, the resulting phase comparator output signal is unpredictable due to an undefined phase relation be¬ 
tween reference frequency (fr) and comparison frequency (fp) and may in the worst case take longer time for lock up of the loop. 
To prevent this, the intermittent operation control circuit enforces a limited error signal output of the phase detector during power 
up, thus keeping the loop locked. 

PS pin must be set ’L’ at Power-ON. 


Relation between the FC input and phase characteristics 

The FC bit changes the phase characteristics of the phase comparator. Both the internal charge pump output level (Dq) and the 
phase comparator output (<^R, <J>P) are reversed according to the FC bit. Also, the monitor pin (four) output is controlled by the FC bit. 
The relationship between the FC bit and each of Dq, and OP is shown below: 




FC » High 

FC a Low I 

■mi 

Do 

OR 

OP 

tout 

Do 

OR 

OP 

fout 

fr > fp 

H 

L 

L 

(fr) 

-j 

H 

Z(*1) 

(fp) 

fr<fp 

L 

H 

Z(*1) 

(fr) 

H 

L 

L 

(fp) 

fr = fp 

Z(*1) 

L 

Z(*1) 

(fr) 

Z(*1) 

L 

Z(*1) 

(fp) 


*1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO and LPF characteristics. 


♦: When the LPF and VCO characteristics are 
similar to ?, set FC bit high. 

*: When the VCO characteristics are similar to 
1, set FC low. 



VCO 

output 

frequency 
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Phase comparator output waveforms 



LD 

t FC = 1 


- 1 U 1 

1 ^ ^ r 

^_ 1 _ \ 

1__L 

- .4".V ^ -4-.... 

[FC = ”L”3 


1 1 1 L 

Jill 

“1 n 1 

1 1 1 



Notes: 


1. Phase difference detection range: -27i to +27i 

2. LD output becomes low when phase is twu or more. LD output becomes high when phase error is twL or 
less and continues to be so for three cysles or more. 

3. twu and twt depend on OSCin input frequency. 

twu s 8/fosc (e. g. twu < 625ns, foscin = 12.8 MHz) 
twLi 16/fosc (e. g. tWL > 1250ns, foscin = 12.8 MHz) 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Remark 

Min 

TVP 

Max 

Supply voltage 

Vcc 

2.7 

3.0 

3.6 

V 


Vp 

Vcc 

- 

o 

If) 

V 


nput voltage 

Vi 

GND 

- 

Vcc 

mm 


Operating temperature 

Ta 

^0 

- 

+85 




Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 
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ELECTRICAL CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 


Value 

Unit 

Condition 

oymooi 

Min 

lyp 

Max 

Supply current 
(Power saving current) 


- 

(0^1) 

- 

mA 

With f,N= 1.2 GHz, OSCiN = 
12 MHz, Vcc = 3.0 V. In 
locked state. 

Operating frequency 

f|N 

f|N 

300 

- 

1200 

MHz 

AC coupling with a lOOOpF 
capacitor connected. 

OSCiN 

^OSC 

- 

12 

23 

MHz 


Input sensitivity 

f|N 

VfiN 

-10 

- 

6 

dBm 

50Q (refer to the test circuit.) 

OSCiN 

Vosc 

0.5 

- 

- 

Vp-p 


High-level input voltage 

Data, Clock, 
LE, PS 

V|H 

Vcc X 0.7 

- 

- 

V 


Low-level input voltage 

V|L 

- 

- 

Vcc X 0.3 

V 


High-level input current 

Data, Clock, 
LE, PS 

IlH 

- 

- 

1.0 

HA 


Low-level input current 

l|L 

-1.0 

- 

- 

pA 


Input current 

OSC|N 

>osc 

-100 

- 

100 

pA 


High-level output voltage 

cpR, LD 

Vqh 

2.1 

- 


V 

Vcc = 3 V, Iqh = “1 OitiA 

Low-level output voltage 

<DP, LD 

VoL 

- 

- 

0.4 

V 

Vcc = 3V, loL= 1.0mA 

High-impedance 

Cut off current 

Do.. 4>P 

•off 

- 

- 

0.3 

pA 

Vp = Vcc to 3.6V 

Voop = GNDto6V 

Output current 

Vdoh = 4.0V 

Vdol=1.0V 

OR, LD 

Iqh 

-1.0 

- 

- 

mA 

Vcc = 3V 

OR, OP. LD 

•oL 


- 

1.0 

mA 

Vcc = 3V 

Do 

boH 

-15 

1 

-5 

mA 

Vcc=3V, Vp=5.0V. 

Idol 

6 

- 

10 

mA ^ 

Vcc = 3V, Vp = 5.0V, 
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TEST CIRCUIT 

(FOR MEASURING INPUT SENSITIVITY fin/OSCin) 
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: DATASHEET 

MB1516A ASSP 


FUjiTSU 


1.1GHz High-Speed Tuning PLL Frequency Synthesizer 


DESCRIPTION 

The Fujitsu MB1516A is a serial input phase-locked loop (PLL) frequency synthesizer with 
a pulse-swallow function. MB1516A achieves the low noise performance as well as the 
high-speed lock-up which is required for digital mobile communications. 

The MB1516A can operate from a single +3 V supply. Fujitsu’s advanced technology 
achieves an Icc of 6.5 mA (typical). 

FUNCTION 

• High operating frequency : f|N = 1.1 GHz (Pin = -10 dBm) 

• Pulse-swallow function : High-speed dual-modulus prescaler with selectable 

64/65 and 128/129 divide ratios 

• Low supply current : Icc = 6.5 mA typ. at 3 V 

• Power saving funtion : Ips = 100 pA typ. 

• Serial input, 18-bit programmable divider consisting of: 

Binary 7-bit swallow counter : 0 to 127 
Binary 11-bit programmable counter: 5 to 2,047 

• Serial input 16-bit programmable reference divider consisting of: 

Binary 14-bit programmable reference counter: 6 to 16,383 
1-bit switch counter sets prescaler divide ratio 

1-bit power saving function control 

• On-chip high performance charge pump circuit and phase comparator, achieving 
high-speed lock-up and low phase noise 

• Two types of phase comparator outputs selectable 
On-chip charge pump output 

Output for an external charge pump 

• Wide operating temperature range: -40 to +85°C 

• Plastic 16-pin SSOP (shrink small outline) package (Suffix : -PFV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Parameter 

Symbol 

Rating 

Unit 

Rmnark 

Supply voltage 

Vcc 

—0.5 to -1-5.0 

V 


Vp 

Vcc fo 5.5 

V 


Output voltage 

Vo 

-0.5 to Vcc +0-5 

V 


Open drain voltage 

VqoP 

-0.5 to 6.0 

V 

C>P, fout 

Output current 

lo 

±10 

mA 


Storage temperature 

Tstg 

-55 to -1-125 




NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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PIN DESCRIPTION 


Pin No. 

Pin name 

I/O 

Description 

1 

OSC(N 

1 

Programmable reference divider input 

Oscillator input 

Connection for external crystal or TCXO. 

2 

OSCquj 

o 

Oscillator output 

Connection for external crystal. 

3 

Vp 

- 

Power supply input for charge pump 

4 

Vcc 

- 

Power supply 

5 

Do 

o 

Charge pump output 

Phase of charge pump can be reversed based on FC input. 

6 

GND 


Ground 

7 

LD 

o 

Lock detector output 

The output level Is usually high. Only when there is a phase error between fr and fp, 

LD becomes low for the period corresponding to the error. 

8 

^IN 

1 

Prescaler input 

Connection with an external VCO should be done AC coupled. 

9 

Clock 

) 

Clock input for 19-bit shift register 

Data is shifted into the shift register on the rising edge of the clock. 

10 

Data 

! 

Serial data input using binary code 

The last bit of the data is a control bit. 

When the control bit is high, data is transmitted to the 16-bit latch. 

When It is low, data Is transmitted to the 18-bit latch. 

11 

LE 

1 

! Load enable signal input (with internal pull up resistor) 

When LE is high, the data of the shift register are transferred to a latch, depending on the 
control bit in the serial data. 

12 

FC 

1 

Phase switch input for phase comparator (with internal pull-up resistor) 

When FC is low, the characteristics of the charge pump and phase comparator are reversed 
The FC input signal is also used to control the fouT pin (test pin) output (fp or fp). 

13 

NC 

- 

No connection 

14 

buT 

0 

Monitor pin of phase comparator 

When FC is high, four outputs programmable reference divider output(fr). When FC is low. fouT 
outputs programmable divider output(fp). 

15 

<DP 

o 

Phase comparator output for an external charge pump 

Phase of the output is reversed depending on FC input. 

<t)P pin is a N-ch open drain output. 

16 

<t)R 

o 

Phase comparator output for an external charge pump 

Phase of the output is reversed depending on FC input. 

<J)R pin is a C-MOS output. 
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FUNCTION DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation: 

fvco * ((M X N) + A] X fosc (A < N) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11-bit programmable counter (5 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

fosc • Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14'bit programmable reference counter (6 to 16,383) 

M : Preset divide ratio of modules prescaler (64 or 128) 

Serial data input 

Serial data is processed using the Data, Clock, and LE pins. Serial data controls the 16-bit programmable reference divider and 18-bit 
programmable divider separately. 

Binary serial data is entered via the Data pin. 

One bit of data is shifted into the internal shift register on the rising edge of the clock. When the load enable pin is high or open, stored 
data is latched depending on the control data as follows: 


Control data 

Destination of serial data 

H 

16 bit latch 

L 

18 bit latch 


(a) Programmable reference divider ratio 

The programmable reference divider consists of a 16-bit latch and a 14-bit reference counter. The serial 17-bit data format is 
shown below: 


Control bit 
LSB 


Direction of data shift 

Divide ratio setting bit for prescaler 
MSB 


Ul 



S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 



C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

SW 

PS 


Divide ratio setting bit for programmable reference counter 

Power saving control bit • 
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• 14-bit programmable reference counter divide ratio 


Divide ratio 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

S 

R 

14 

13 

12 

11 

10 

9 

6 

7 

6 

5 

4 

3 

2 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Notes: 


(Divide ratio » 6 to 16,383) 

1. Divide ratios less than 6 are prohibited. 

2. SW . This bit selects the divide ratio of the prescaler. 

Low: 128 or 129 
High: 64 or 65 

3. SI to SI4: These bits select the divide ratio of the programmable reference counter (6 to 16,383). 

4. C: Control bit: Set high. 

5. PS: This bit controls stand by mode. 

High : Nomal mode 
Low : Stand by mode 

6. Start data input with MSB first. 



(b) Programmable divider divide ratio 

The programmable divider consists of a 19-bit shift register, a 18-bit latch, a 7-bit swallow counter, and a 11 -bit programmable 
counter. The serial 19-bit data format is shown below: 


Direction of data shift 
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• 7-bit swallow counter divide ratio • 11 -bit programmable counter divide ratio 



(Divide ratio * 0 to 127) (Divide ratio « 5 to 2,047) 


Notes: 1, Divide ratios less than 5 are prohibited for 11-bit programmable counter. 

2. SI to S7: These bits select the divide ratio of swallow counter (0 to 127). 

3. S8 to SI8: These bits select the divide ratio of programmable counter (5 to 2,047). 

4. C: Control bit: (Set low) 

5. Start data input with MSB first. 


Serial data input timing 
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Power saving mode (intermittent operation controi circuit) 

Setting PS bit to Low, MB1516A enters into power saving mode resultatly current sonsumption can be limited to tOOpA (typ.). 
Setting PS bit to High, power saving mode is released so that the device works normally. 

In addition, the intermittent operation control circuit is included which helps smooth start up from stand by mode. The power 
consumption can be reduced by the intermittent operation that powering down or waking up parts of the PLL circuitry. If a PLL is 
powered up uncontrolled, the resulting phase comparator output signal is unpredictable due to an undefined phase relation be¬ 
tween reference frequency (fn) and comparison frequency (fp) and may in the worst case take longer time for lock up of the loop. 
To prevent this, the intermittent operation control circuit enforces a limited error signal output of the phase detector during power 
up, thus keeping the loop locked. 

Relation between the FC Input and phase characteristics 

The FC pin changes the phase characteristics of the phase comparator. Both the internal charge pump output level (Do) and the 
phase comparator output (OR, OP) are reversed depending on the FC pin input level. Also, the monitor pin (four) output is controlled 
by the FC pin. The relationship between the FC input level and each of Do, OR, and OP is shown below: 



FC r High or open 

FC = Low 


Do 

OR 

OP 

^OUT 

Do 

OR 

OP 

loUT 

fR > fp 

H 

L 

L 

(fr) 

L 

H 

Z(*1) 

(<p) 

fp <fp 

L 

H 

Z(*1) 

(tr) 

H 

L 

L 

(fp) 

fp s fp 

ZC1) 

L 

ZC1) 

(tr) 

Z(»1) 

L 

Z{.1) 

(fp) 


*1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO and LPF characteristics. 


*: When the LPF and VCO characteristics are 
similar to©, set FC high or open. 

♦; When the VCO characteristics are similar to 
©, set FC low. 



VCO 

output 

frequency 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Remark 

Min 

Typ 

Max 

Supply voltage 

Vcc 

2.7 

3.0 

3.6 

V 


Vp 

Vcc 

- 

5.0 

V 


Input voltage 

V| 

GND 

- 

Vcc 

V 


Operating temperature 

Ta 

-40 

- 

+85 




Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 
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ELECTRICAL CHARACTERISTICS 


(Recommended operating conditions uniess otherwise noted.) 


Parameter 


Vaius 

Unit 

OonditlQn 

oymooi 

Min 

iiiiliH 

Max 

Supply current 

Ice 

- 

6.5 

- 

mA 

With f|N = 1.1 GHz, OSCiN 
= 12 MHz, Vec = 3.0 V. 

In locked state. 

Operating frequency 

t|N 

^IN 

300 

- 

1100 

MHz 

AC coupling. The minimum 
operating frequency is mea¬ 
sured with a lOOOpF capaci¬ 
tor connected. 

OSC|N 

bsc 

- 

12 

23 

MHz 


Input sensitivity 

^IN 

PfIN 

-10 

- 

6 

dBm 

500 

OSCiN 

Vosc 

0.5 

- 

- 

Vp-p 


High-level input voltage 

Except fiN and 
OSCiN 

V|H 

VccxO.7 


- 

V 


Low-level input voltage 

V|L 

- 

- 

VccxO.3 

V 


High-level input current 

Data, Clock 

l|H 

- 

- 

1.0 

pA 


Low-level input current 

l|L 

- 


-1.0 

pA 


Input current 

OSC|N 

lose 

- 

±50 

- 

pA 


FC, LE 

Ile 

- 

-60 

- 

mA 


High-level output voltage 

Except Do and 
OSCouT 

Vqh 

2.1 

- 

- 

V 

Vcc = 3V.loH = -1.0mA 

Low-level output voltage 

VoL 

- 

- 

0.4 

V 

Vcc = 3V, loL = 1 OmA 

High-impedance 

Cut off current 

Do, tout, OP 

lOFF 

1 

- 

1.1 

pA 

Vcc = 3.6V 

Vp = 5V 

Output current 

Except Do and 

lOH 

-1.0 


i 

mA 

Vcc = 3V 

OSCouT 

•OL 

- 

- 

1.0 

mA 

Vcc = 3V 
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TEST CIRCUIT 

(FOR MEASURING INPUT SENSITIVITY fin/OSCin) 
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TYPICAL CHARACTERISTIC CURVES (Continued) 


Prescaler Input S11 4: 10.102 Q -37.453 n 3.8631 



pF 


1100 MHz 

1: 14.539 Q 

-125.61 Q 
500 MHz 
2: 9.6484 Q 

-69.262 n 
800 MHz 
3: 9.9023 ^ 

-46.156 n 
1 GHz 


Crystal Input 

Impedance Characteristics 670.13 n -i.837i q 3.4653 


MB1516A OSCin[MHz] 



pF 


25 MHz 

1: 1.425 kfl 

-3.5698 kn 
10 MHz 
2: 1.0444 kfi 

-2.637 kQ 
15 MHz 
3: 800.75 kQ 

-2.2129 ka 
20 MHz 
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REFERENCE INFORMATION 


Typical plots measured 
with the test circuit shown 



PLL Lock Up Time 


520.02811 \is 

n 

10.001501 TT! T 


PLL Phase Noise 

REF 10.0 dBm ATTIOdB_ 




9.999000 

MHz 



□ • 

10.1699^18 1.9904199 ms 

PLL Phase Noise 
REF 10.0 dBm ATTIOdB 




i!^ 


SPAN 20 kHz CENTER 825 MHz 

PLL Reference Leakage 

REF 10.0 dBm ATTIOdB 


1111 


mmmmmm] . _ 























DS04-21325-1aE 

DATA SHEET 

MB1517A ASSP 

2.0 GHz High-Speed Tuning PLL Frequency Synthesizer 


FUJITSU 


The Fujitsu MB1517A is a serial input phase-locked loop (PLL) frequency synthesizer with 
a pulse-swallow function. MB1517A achieves the low noise performance as well as the 
high-speed lock-up which Is required for digital mobile communications. 

The MB1517A can operate from a single +3 V supply. Fujitsu’s advanced technology 
achieves an Icc of 12 mA (typical) as well as 100 pA (typical) at power down mode. 

FEATURES 

• High operating frequency : f||sj = 2.0GHz(P|N = ~10dBm) 

• Pulse-swallow function : High-speed two-modulus prescaler with selectable 

64/65 and 128/129 divide ratios 

• Low supply current : Icc = 12 mA typ. at 3 V 

• Power saving funtion : Ips = 100 pA typ. 

• Serial input, 18-bit programmable divider consisting of: 

Binary 7-bit swallow counter : 0 to 127 

Binary 11-bit programmable counter: 5 to 2,047 

• Serial input 17-bit programmable reference divider consisting of: 

Binary 14-bit programmable reference counter: 6 to 16,383 

1 -bit switch counter sets prescaler divide ratio 
1 -bit power saving function control 
1-blt LD/font switch 

• On-chip high performance charge pump circuit and phase comparator, achieving 
high-speed lock-up and low phase noise 

• Two types of phase comparator outputs selectable 
On-chip charge pump output 

Output for an external charge pump 

• Wide operating temperature range: -40 to +85°C 

• Plastic 16-pin SSOP (shrink small outline) package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Parameters 

Symbol 

Rating 

Unit 

Remark 

Supply voltage 

Vcc 

-0,5 to -1-5.0 

V 


Vp 

Vcc to 5.5 

V 


Output voltage 

Vo 

-0.5 to Vcc +0.5 

V 


Open drain voltage 

Voop 

-0.5 to 6.0 

V 

OP, LD/fout 

Output current 

lo 

+10 

mA 


Storage temperature 

Tstg 

-55 to -1-125 

“C 



NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions 
for extended periods may affect device reli^ility. 


Plastic SSOP, 16 pin 



(FPT-16P-M05) 
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PIN DESCRIPTION 


Pin No. 

Pin name 

J/0 

Description 

1 

OSCiN 

1 

Programmable reference divider input 

Oscillator input 

Connection for external crystal or TCXO. 

2 

OSCouT 

0 

Oscillator output 

Connection for external crystal. 

3 

Vp 

- 

Power supply input for the internal charge pump 

4 

Vcc 

- 

Power supply 

5 

Do 

0 

Charge pump output 

Phase characteristics of the charge pump can be reversed by FC input. 

6 

GND 

- 

Ground 

7 

Xfin 

1 

Complementary input of the prescaler 

Xfin pin should be grounded via a capacitor. 

8 

fiN 

1 

Prescaler input 

Connection with an external VCO should be done AC coupled. 

9 

Clock 

1 

Clock input for 19-bjt shift register 

Data is shifted into the shift register on the rising edge of the clock. 

10 

Data 

1 

Serial data input using binary code 

The last bit of the data is a control bit. 

When the control bit is high, data is transmitted to the 17’bit latch. 

When it is low, data is transmitted to the 18-bit latch. 

11 

LE 

1 

Load enable signal input 

When LE is high, the data of the shift register are transferred to a latch, according to the 
control bit in the serial data. 

12 

FC 

1 

; Phase switch input for phase comparator 

When FC is low, the characteristics of the charge pump and phase comparator are reversed 
The FC input signal Is also used to control the four pin (test output (fp or fp). 

13 

NC 

- 

No connection 

14 

LD/fouT 

0 

Lock detector output / Phase comparator monitoring output 

This is a N-ch open drain output. 

Either of the outputs is selected by LDS bit of the serial data. 

a) Lock detector output: at lock state.... LD = "H" 

at unlock stae .. LD == "L” 

b) Monitoring output; Phase comparator input signals (fp, ffl) can be monitored. 

15 

<I>P 

0 

Phase comparator output for an external charge pump 

Phase of the output is reversed according to FC input. 

4>P pin is a N-ch open drain output. 

16 

<I>R 

0 

Phase comparator output for an external charge pump 

Phase of the output is reversed depending on FC input. 
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FUNCTION DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation: 

fvcx)«[(PxN) + A]xfosc-R (A<N) 

fvco • Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11 -bit programmable counter (5 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 i A ^ 127) 

fosc • Output frequency of the reference frequency oscillator 

R ; Preset divide ratio of binary 14-bit programmable reference counter (6 to 16.383) 

P : Presetdivideratioof modules prescaler (64 or 128) 

Serial data Input 

Serial data is processed using the Data, Clock, and LE pins. Serial data controls the 17-bit programmable reference divider and 18-bit 

programmable divider separately. 

Binary serial data is entered via the Data pin. 

One tax of data is shifted into the internal shift register on the rising edge of the dock. When the load enable pin is high, stored data is 

latched according to the control data as follows: 


Control data 

Destinafkm of s^ial data 

H 

17 bit latch 

L 

18 bit latch 


(a) Programmable reference divider ratio 

The programmable reference divider consists of a 18-bit shift register, a 17-bit latch and a 14-bit reference counter. The serial 
18-bit data format is shown below: 


Direction of data shift 


Control bit(LSB) 


Divide ratio setting bit for^ 
the prescaler 


LD/fout select bit 
(MSB), 


E 

R 

1 

R 

2 

R 

3 

R 

4 

R 

5 

R 

6 

R 

7 

R 

8 

R 

9 

R 

10 

R 

11 

R 

12 

R 

13 

R 

14 

SW 

PS 

3 






Divide ratio setting bit for the programmable reference counter 

Power saving control bit —1 
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• 14-bit programmable reference counter divide ratio 


DfvNjIe ratio 

R 

R 


R 


R 

R 

R 



II 

R 

R 



14 

13 

12 

11 

10 

9 

8 

7 


5 

n 

3 

Z 


6 

0 

0 

0 

0 

0 

0 

D 

D 

D 

D 

0 

1 

1 

0 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Notes: 


(Divide ratio = 6 to 16,383) 

1. Divide ratios less than 6 are prohibited. 

2. SW ;This bit selects the divide ratio of the prescaler. 

Low: 128 or 129 
High: 64 or 65 

3. R1 to R14: These bits select the divide ratio of the programmable reference counter (6 to 16,383). 

4. C: Control bit: Set high. 

5. PS: This bit controls power saving mode. 

High: Nomal operation 
Low: Power saving mode 

6. LDS: This bit controls LDAout output signal 

High : fout signal (fR or fp) is selected and output via LD/fout pin. 

Low: Lock detect signal is selected and output via LD/fout pin. 

7. Start data input with MSB first. 



(b) Programmable divider divide ratio 

The programmable divider consists of a 19<bit shift register, a 18>bit latch, a 7-blt swallow counter, and a 11 >bit programmable 
counter. The serial 19-bit data format is shown below: 


Direction of data shift 
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• 7-bit swallow counter divide ratio • 11 -bit programmable counter divide ratio 


OivMe 

ratio 

H 

N 

11 

W 

to 

H 

9 

N 

0 

N 

7 

N 

6 

N 

5 

4 

N 

3 

N 

2 

N 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

6 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide 

ratio 

A 

s 

7 

s 

•r. 

5 

4 

s 

3 

s 

2 

s 

t 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


(Divide ratio » 0 to 127) (Divide ratio » 5 to 2,047) 


Notes: 1. Divide ratios less than 5 are prohibited for the 11 -bit programmable counter. 

2. SI to S7: These bits select the divide ratio of the swallow counter (0 to 127). 

3. N1 to Nil: These bits select the divide ratio of the programmable counter (5 to 2,047). 

4. C: Control bit: (Set low) 

5. Start data input with MSB first. 


Serial data Input timing 
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Power saving mode (Intermittent operation control circuit) 

Setting PS bit to Low, MB1517A enters into power saving mode resuitatly current sonsumption can be limited to 100|iA (typ.). 
Setting PS bit to High, power saving mode is released so that the device works normally. 

In addition, the intermittent operation control circuit is included which helps smooth start up from power saving mode. The power 
consumption can be reduced by the intermittent operation that powering down or waking up parts of the PLL circuitry. If a PLL is 
powered up uncontrolled, the resulting phase comparator output signal is unpredictable due to an undefined phase relation be¬ 
tween reference frequency (fn) and comparison frequency (fp) and may in the worst case take longer time for lock up of the loop. 
To prevent this, the intermittent operation control circuit enforces a limited error signal output of the phase detector during power 
up. thus keeping the loop locked. 


Relation between the FC input and phase characteristics 

The FC pin changes the phase characteristics of the phase comparator. Both the internal charge pump output level (Dq) and the 
phase comparator output (<t>R, 4>P) are reversed depending on the FC pin input level. Also, the monitor pin (four) output is controlled 
by the FC pin. The relationship between the FC input level and each of Dq, 4>R. and 4>P is shown below: 




)%«Low 


Oo 



<OUT 

Do . 

«>R 

4>P 

foot 

fR>fp 

H 

L 

L 

(fR) 

L 

H 

Z(*1) 

(fp) 

fR<fp 

L 

H 

Z(*1) 

(fR) 

H 

L 

L 

(fp) 

fR = fp 

Z(M) 

L 

Z(*1) 

(fR) 

Z(*1) 

L 

Z(*1) 

(fp) 


High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO and LPF characteristics. 


*: When the LPF and VCO characteristics are 
similar to® set FC high. 

*: When the VCO characteristics are similar to 
set FC low. 



VCO 

output 

frequency 



LPF input voltage — 
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Phase comparator output waveforms 



Notes: 1. Phase difference detection range: ~27t to +2n 

2. LD output becomes tow when phase error is twu or more. LD output becomes high when phase error is 
twL or less and continues to be so for three cysles or more. 

3. twu and twL depend on OSCin input frequency. 

twu ^ 8/fosc (e. g. twu ^ 625ns, foscin = 12.8 MHz) 
tWL ^ 16/fosc (e. g. twi ^ 1250ns, foscin » 12.8 MHz) 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

1 vthis 

Unit 

Bemaili 

Min 

TVP 


Supply voltage 

Vcc 

2.7 

3.0 

3.6 

V 


Vp 

Vcc 

- 

5.0 

V 


Input voltage 

V| 

GND 

- 

Vcc 

V 


Operating temperature 

Ta 

-40 

- 

•^5 

•c 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 
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ELECTRICAL CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 


Value 1 

UnH 

Candftlon 

sympoi 

Min 

■■11 ■ 

Max 

Supply current 

Ice 

- 

12 


mA 

With fiN = 2.0 GHz, OSC|n = 

12 MHz, Vec = 3.0 V. In 
locked state. 

Stand by current 

Ips 

- 

100 

- 

\lA 

PS bit = ”L” 

Operating frequency 



1000 

- 

2000 

MHz 

AC coupling. The minimum 
operating frequency is mea¬ 
sured with a lOOOpF capaci¬ 
tor connected. 

OSCiN 

hsc 

- 

12 

23 

MHz 


Input sensitivity 

^IN 

pf IN 

-10 

- 

6 

dBm 

50i2 System 

OSCiN 

VqsC 

0.5 

- 

- 

Vp-p 


High-level input voltage 

Except f|N and 
OSCiN 

VlH 

VccxO.7 

- 

- 

V 


Low-level input voltage 

V|L 

- 

- 

VccXO.3 

V 


High-level input current 

Data, Clock, 
LE, FC 

l|H 

- 

- 

1.0 

fa 


Low-level input current 

IlL 

-1.0 


- 

\iA 


Input current 

OSCiN 

lose 

-100 


+100 

\iA 


High-level output voltage 

Except Do and 
OSCouT 

Vqh 

2.1 

- 

- 

V 

Vcc = 3V,loH=-1.0mA 

Low-level output voltage 

VoL 


- 

0.4 

V 

Vcc = 3V, loL = 1 OmA 

High-impedance 

Cut off current 

Do, LD/fout, 

<I>P 

•off 

- 

- 

1.1 

\iA 

Vec = 3.6V, Vp = 5.0V 
VooP=GNDto6.0V 

Output current 

Except Do and 

lOH 

-1.0 

- 

- 

mA 

Vcc = 3V 

OSCoUT 

lOL 

- 

- 

1.0 

mA 

Vcc = 3V 
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MB1517A 


TYPICAL CHARACTERISTIC CURVES 


Charge pump current vs. Do voltage 

Vcc =3.0V 
5 

4 

> 

? 3 

o 
> 

2 

1 

^ -5 -10 -15 -20 ~25 

lOH (mA) 



Charge pump current vs. Do voltage 

Vcc =3.0V 



5 10 15 20 25 

lOL (mA) 


Input sensitivity vs. Input frequency 



1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 


fin(MHz) 

Vcc= 2.7 3 3.6 
MHz = X O □ 
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TYPICAL CHARACTERISTIC CURVES (Continued) 



4 -; 
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TYPICAL APPLICATION EXAMPLE 



Vpx Maximum 6 V 

Cl, C 2 : Depend on the crystal osclllatar 
<I)P. LO/fout : N-ch open drain output 
C-MOS output 
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REFERENCE INFORMATION 


Typical plots measured 
wi^ the test circuit are 
shown below. 

Each plot shows lock up 
time, phase noise, and 
reference leakage. 


OSC In 
Do 
fin 


Test Circuit 

. fvco=1651.2MHz 

- •Kv=10MHz/v 

Lpp - • f r= 300 KHz 

♦ f osc= 19.2 MHz 
. LPF: 


Spectrum 

Analyzer 



PLL Lock Up Time 
PLL lock UP Time * 584.99597 fis 


PLL Phase Noise 


REF 10.0 dBm ATTIOdB 
10 dB/ 



Mmmmfummmu 


SPAN 2.0 kHz CENTER 1651.20 MHz 


SPAN 1.0 MHz 


CENTER 1651.20 MHz 


'9 
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ORDERING INFORMATION 


P«n number 

Package 

Remarks 

MB1517APFV1 

Plastic SSOP, 16-pln 
(FPT-16P-M05) 
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FU^ 


MB1617A Test Data 


February 1995 

ANALOG LSI DESIGN DEPARTMENT 


Digital Cordless Telephone FUJflSU 

Block Diagram of DECT RF part 
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February 1995 


Analog LSI Dept. 




MB1517A Test Data 


Fufrsu 


IPLL Serial Data Setting (fr=1.728MHz) 


Rx 


Tx 


Frequency 


PLL Divide Ratio 

Pre$caler(M) N-Counter(N) A-Counter(A) 


Ch.9 1771.200MHz 

4 

15.552MHz 

i 

Ch.O 1786.752MHz 


126.144MHz 


Ch.9 1881.792MHz 

4 

15.552MHz 

i 

Ch.O 1897.344MHz-. 


64 


64 


64 


64 


16 


16 


17 


17 


1 


10 



10 


Pulse Swallow Function ifvcQ = {(MxN) + A}xfr A<N 


February 1995 


Analog LSI Dept. 


MB1517A Test Data 



■ PLL Hopping Time 


1771.200MHz-> 1897.344MHz.w{thin ± SOKHz 
Rx9->TxO 144/is 



Txo " 




! 

—ftp 


i 


1 M 

i 1 i 


t 


: li 

i »f 

1 i 1 




'■■Y 



e 1 



L-J,, ■ J—i— 



I.JSaa W 499.3883 

4 Hkr x: il49j^i3'u8l " 



1897.344MHz-> 1771.200MHz.Within ± 50KHz 
TxO->Rx9 160//S 



February 1995 


Analog LSI Dept. 
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MB1517A Test Data 


Fujfrsu 


■ Spurious Level 


■ Phase Noise / Loop Band Width 



RTTEN i0dB UflUG IG aMKR -48 a0dB 
RL -10.0d8m 10dB/ 19 35kHz 

I I I I ^—It rnn—i—i—! 

















/ 

\ 






AMKf 
19. < 

is kl 

Iz 


/ 

\ 






-48 

00 < 

IB 


j 

\ 


j 








J 

\ 

J 

r 

;ywi* 




















gk/a 




















_ 


_ 












CENTER 1.77120000GHz SPAN 70. 00kHz 

RBW l.akHz; UBU 1.0kHz SWP Z00 im 


February 1995 


Analog LSI Dept. 


MB1517A Test Data 


Fufrsu 


HPLL Characteristics of DECT Application fr»i.728MHz/Vcc=3.0V,Vp=Vvco=3.0V 


Parameter 

Measured Value 

Conditions 

Hopping Time 

Rx9->TxO 

144JUS 

1771.200MHz-> 1897.344MH2,within ± 50KHz 

TxO->Rx9 

160 jus 

1897.344MHz-> 1771,200MHz,within ± SOKHz 

Spurious Level 

72dBc 

± 1.728MHz offset at 1771.200MHz 

Phase Noise 

78dBc/Hz 

within Loop Bandwidth at 1771.200MHz 


■ Loop filter scamatics 
■VCO; Kv=87MHz/V 

( muRata MQE030 - 1835) 


Do Q- 


280 q: 

O.OluF- 






o VT(toVCO) 


‘ 3000 pF 


7Z7 


4-384 February 1995 


Analog LSI Dept. 























fvco(MHz) 


MB1517A Test Data 


APPLICATION EXAMPLE 


<DR <PP LD/fout NC FC LE Data C 


16 

15 

14 

13 12 

11 10 

9 




MB1517A 



1 

2 

3 

4 5 

6 7 

8 


47k Q 47k Q 47k Q 


DSCin OSCout Vp Vcc Do GND Xfin ^fin 

3.0V 3.0V _11_ •yiOOOpF 


fosc*13.824MHz lOOOpF 


■"0.1 fi F “PD.1 u F 


^ 17Q 17Q 


February 1995 

Analog LSI Dept. 

MB1517A Test Data 

Fujrs 



February 1995 


Analog LSI Dept. 








Fujfrsu 


MB1517A Test Data 

(PCN Application) 

April 199S 

ANALOG LSI DESIGN DEPARTMENT 


MB1517A Test Data (PCN) 


FuflSU 
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Analog LSI Dept. 






MB1517A Test Data (PCN) 


Fufrsu 


■ PLL Hopping Time 


1797.600MH2-> 1872.400MH2.within ± IKH 2 
Lch->Hch 500 



1B72.400MHZ -> 1797.600MHz, with in ± IKH 2 
Hch->Lch 500 US 


a ItHr «: 500.Sir'S! js 




April 1995 


Analog LSI Dept. 


MB1517ATe$t Data (PCN) 


FuflSU 


■ Spurious Level ■ Phase Noise / Loop Band Width 



ftTTEN 10dB UftUG 16 aMKR -4S.04dB 



April 1995 


Analog LSI Dept. 
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MB1517A Test Data (PCN) 


Fujrsu 


■ VCO Operating Range(muRata MQE030-1835) 



Control Voltage(volts) 


April 1995 Analog LSI Dept. 


MB1517A Test Data (PCN) 

■ PLL Serial Data Setting (fr=200kHz) 


Fufrsu 


PLL Divide Ratio 

requency _Prescaler(M) N-Counter(N) A-Counter(A) 


Rx/Tx 


Loch 1797.600MHz 

f 

37.4MHz 

I 

Mich 1835.000MHz 

f 

37.4MHz 


Hich 1872.400MHz 


74.8MHz 


64 


64 


64 


140 


143 


146 


28 


23 


18 


Pulse Swallow Function : fvco = {( M x N ) + A} x fc A < N 
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April 1995 


Analog LSI Dept. 





MB1517A Test Data (PCN) 


Fujrrsu 


■ PLL Characteristics of PCN Application fr=200kHz/vcc=3.ov,Vp=Vvco=3.ov 


Parameter 

Measured Value 

Conditions 

Hopping Time 

Lch->Hch 

500 jjs 

1797.600MHz-> 1872.400MHz.within ± IKHz 

Hch ->Lch 

500 us 

1872.400MHz*> 1797.600MHz.within ± IKHz 

Spurious Level 

61dBc 

±200kHz offset at 1835.000MHz 

Phase Noise 

70dBc/Hz 

within Loop Bandwidth at 1835.000MHz 


■ Loop filter scamatics 
■VCO; Kv=87MHzAf 

( muRata MQE030 -1835) 


Do O- 


910Q 
3000pF; 

7 ^ 


-/W- 


J^0 .03f<F 


-O VT(toVCO) 


400pF 


777 


April 1995 


Analog LSI Dept. 
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DATA SHEET 


MB1518 

Serial Input PLL Frequency Synthesizer With 
On-ChIp 2.5GHz Prescaler 


Fupsu 


The Fujitsu MB1518 with an on chip 2.5 GHz dual modulus prescaler is a serial input PLL (Phase 
Locked Loop) frequency synthesizer with pulse swallow function. It is well suited for BS tuner, 
CATV system applications. 

(t operates supply voltage of 5.0V typ. and dissipates 16mA typ. of current realized through the 
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 

• Power supply voltage: Vcc = 4.5 to 5.5V 

• High operating frequency: fjn = 2.5GHz (Pjn = -4dBm) 

• 2.5GHz dual modulus prescaler: P = 512/528 

• Low power supply current: Ice = 16mA typ. 

• Programmable reference divider: R = 512 

• Programmable divider consisting of: 

Binary 5-bit swallow counter (A = 0 to 31) 

Binary 9-bit programmable counter (N ~ 32 to 511) 

• Wide operating temperature: Ta = -40 to +85°C 

• Plastic 16-pin flat package (Suffix: -PF) 


ABSOLUTE MAXIMUM F 

RATINGS 

see NOTE) 


Rating 

Symbol. 

value 

unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Output Voltage 

Vo 

0.5 to Vcc +0.5 

V 

Output Current 

lo 

±10 

mA 

Storage Temperature 

Tstq 

-55 to+125 

"C 


NOTE: Permanent device damage may occur if the above Absolute Maxim urn Ratings 

are exceeded. Function^ operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
FPT-16P-M06 


PIN ASSIGNMENT 


■-ElZ 

1 

16 

□ ld 

Datal 

2 

15 

[ ^OUT 

Clock ^ 

3 

14 

1 VcC2 

Veci ^ 

4 

TOP 

VIEW 

1 ^IN 

OSCjN [[[[[ 

5 

12 

^ GND2 

OSCouT Cl 

6 

11 


GND1 ^ 

7 

10 

□ fc 

Doi CZ 

8 

9 

1 ^02 


This device contains circui^ to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. 


Copyright© 1994 by FUJITSU LIMITED and FUJITSU MICROELECTRONICS, INC. 




















MB1518 


PIN DESCRIPTIONS 


Pin No. 


Pin Name 


I/O 


Descriptions 


1 LE 


2 Data 


3 Clock 


4 Vcci 


I Load enable input pin 

This pin involves a Schmitt trigger circuit. When this pin is high, the data stored In the shift register is 
transferred into the latch. 


I Serial data of binary code input pin 

This pin involves a Schmitt trigger circuit. 

I Clock input pin of the 14-bit shift register 

This pin involves a schmitt trigger circuit. On the rising edge of the clock, one bit of the data shifts into 
_ the shift register. _ 

PLL pov/er supply voltage input pin 


5 

6 


OSCiN 

OSCouT 


I 

O 


Oscillator input pin 
Oscillator output pin 

A crystal is connected between the OSCin pin and the OSCqut P*^- 


7 GND1 


PLL ground pin 


8 Doi 

9 Do2 


O Charge pump output pins 

O The phase characteristics can be reversed depending upon the FC pin input level. 


10 FC 


11 f|N 


I Phase select input pin of the phase detector 

This pin involves an internal pull up resistor. When this pin is low, characteristics of the charge pump 
and phase detector can be reversed. This input also selects four output level, either fr or fp. Please 
see page 6. 

I Complementary input pin of fiN 

Please connect to GND through a capacitor. 


12 


GND2 


Prescaler ground pin 


13 


^IN 


Prescaler input pin 

This signal is input with an AC connection. 


14 


Vcc2 


Prescaler power supply voltage input pin 


15 


^OUT 


O 


Monitor pin of the phase detector input 

The four P'h outputs eifrjer the programmable reference divider output frequency f r or programmable 
divider output frequency fp, depending upon the FC pin input level. 


FC Pin 

fOUT Output Signal 

H 

fr 

L 

fp 


16 


LD 


O 


Phase detector output pin 

Normally this pin outputs high. While the phase difference between fr and fp exists, this pin outputs low. 























MB1518 


FUNCTIONAL DESCRIPTIONS 

DIVIDE RATIO SETTING 

Divide ratio can be set using the following equation: 

fvco = {(PxN) + (16xA)}xfosc^R 

fvco- Output frequency of an external voltage controlled oscillator (VCO) 

P: Preset divide ratio of an internal dual modulus prescaler (512) 

N: Preset divide ratio of binary 9-bit programmable counter (32 to 511) 

A; Preset divide ratio of binary 5-bit swallow counter (0 to 31) 
fosc’ Reference oscillator frequency 
R: Preset divide ratio of reference counter (512) 

SERIAL DATA I NPUT 

On the rising edge of the clock, one bit of the data shifts into the shift register. 

When the load enable is high, the data stored in the shift register is transferred to the latch. 

14-bit serial data format is shown below. 


Data Input Flow 


USB 


MSB 


A 

1 

A 

2 

A 

3 

A 

4 

A 

5 

N 

1 

1 _ 

N 

2 

N 

3 

N 

4 

N 

5 

N 

6 

N 

7 

N 

8 

N 

9 

L-J 

L_J 


Divide ratio of swallow 
counter setting bit 


Divide ratio of programmable 
counter setting bit 


5-bit swallow counter divide ratio (A1 to A5) 


Divide Ratio 

A 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

0 

0 

1 

0 







31 

1 

1 

1 

1 

1 


9-blt programmable counter divide ratio (N1 to N9) 


Divide Ratio 

N 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

32 

0 

0 

0 

1 

0 

0 

0 

0 

0 

33 

0 

0 

0 

1 

0 

0 

0 

0 

1 

34 

0 

0 

0 

1 

0 

0 

0 

1 

0 











511 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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MB1518 


SERIAL DATA INPUT TIMING 



Note: On the rising edge of the clock, one bit of the data shifts into the shift register. 
When LE is high, the data stored the shift register is transferred into the latch. 





MB1518 


PHASE DETECTOR CHARACTERISTICS 

The FC pin selects the phase of the phase detector. The phase characteristics (charge pump output) can be reversed depending upon the 
FC pin input level. The monitor pin (fOUT) output level is selected by the FC pin input level as well. 



FC = H (or open) 

FC=:L 

Ooi. Do2 

fOUT 

Dqi . 0o2 

fOUT 

fr>fp 

H 

Outputs programmable 
reference divider output 
frequency (fr) 

L 

Outputs programmable 
divider output 
frequency (fp) 

fr = fp 

Z 

Z 

fr <fp 

L 

H 


Note: 

Z: High-impedance 

Depending upon the VCO polarity, the FC pin should be set 
accordingly. 

When VCO polarity is like ©, 

FC should be set high or open. 

When VCO polarity is like d), 

FC should be set low. 


VCO POLARITY 


VCO Output 
Frequency 




Spike shape depends on the charge pump characteristics. 
The spike is output to diminish the dead band. 
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY) 



Frequency 

counter 



I 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage 

Vi 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

°c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before Inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbot 

COAdRiOA 

vwue 

Unit 

Min 

typ 

Max 

Power Supply Current 

Icc 

Motel 

- 

16.0 

- 

mA 

Operating Frequency 

^in 

^In 

Note2 

10 

- 

2500 

MHz 

OSCiN 

fosc 

- 

- 

4 

10 

Input Sensitivity 

^in 

Pfin 

2300 to 2500MHz 

-A 

- 

6 

dBm 

1900 to 2300MHz 

-7 

- 

6 

10 to 1900MHz 

-10 

- 

6 

OSC|N 

Vosc 

- 

0.5 

- 

- 

Vpp 

High--level Input Voltage 

Except fjn 
and OSC|N 

V,H 

- 

VccxO.7+0.4 

- 

- 

V 

Low-level Input Voltage 

V|L 

- 

- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock, 

LE 

l|H 

- 

- 

1.0 

- 

pA 

Low-level Input Current 

l|L 

- 

- 

-1.0 

- 

FC 

kFC 

- 

- 

-60 

- 

Input Current 

OSCiN 

hose 

- 

- 

±50 


High-level Output Voltage 

Except Do 

VOH 

I 

Vcc - 5.0V 

4.4 


- 

V 

Low-level Output Voltage 

VoL 

- 

- 

- 

0.4 

1 

Higfr-impedance Cutoff 
Current 

Doi .Do2 

•off 

- 

- 

- 

1.1 i 

pA 

High-level Output Current 

Except Do 

■oh 

- 

-1.0 

- 


mA 

Low-level Output Current 

loL 

- 

1.0 


- 


Note1: fjn-2.5GHz. OSC|n=4.0MHz, Vcc=:5.0V. Input pins are grounded and output pins are open. 
Note2: AC coupling. Minimum operating frequency is measured with a capacitor lOOOpF. 
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Edition 1.0 


FUJITSU 


■ ■ =: DATASHEET 

MB15A19 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 600MHz PRESCALER 

The Fujitsu MB15A19 is a 600MHz dual serial input PLL (Phase Locked) frequency synthesizer 
designed for cellular telephone and cordless telephone applications. 

The MB15A19 has two P LL circuits on a single chip: one for transmit and the other for reception. 
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit 
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains a 
high sensitivity charge pump for faster lock up time. 

600 MHz dual modulus prescalers are on chip and enables a pulse swallow function. 

It operates supply voltage of 3.0V typ. and dissipates 11mA typ. of current realized through the 
use of Fujitsu's unique U>ESBIC Bi-CMOS technology. 


« High operating frequency: fin » 600MHz 

• Low power supply voltage: Vcc - 2.7 to 5.5V 

• Low power supply current: Icc • 11 mA typ, @3V. 



PLASTIC PACKAGE 
FPT-20P-M01 


• Wide operating temperature: Ta * -40 to 85®C 

• Two charge pumps 

Low sensitivity charge pump for transmit 
High sensitivi^ charge pump for reception 

• Plastic 20-pln flat package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 


-0.5 to 7.0 

m 

Vp 

Vcc to 10.0 

CXitput Voltage 

VoUT 

-0.5 to Vcc +0-5 

n 

Output Current 

lour 

±10 

mA 

Storage Temperature 

Tstq 

-55 to +125 

Bi 


PIN ASSIGNMENT 

gndI 

1 

20 

□[Clock 

OSCinI 

2 

19 

1 Data 

OSCoutCZ! 

3 

18 

□ LE 

d 

4 

17 

ZJfina 

Vcci nz 

5 

TOP 

m Vcc2 



VIEW 


fr|Z 

6 

15 

□ ip 

LD.c; 

7 

14 

□ LDj 

Vpi Cl 

8 

13 

□ Vpj 

DoiCI 


12 

Cl *^02 

BS, Cl 

10 

11 

□ BSj 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This dcvica contains circuitry to proiact tha inputs against 
Oamago dua to high static vodagas or alactric tialds. Howavar. 
1 1$ advtsad that normal pracautions ba taken to avoid 
appiicaiion of any voiiaga highar than maximum rated voftagas 
to this high impadanca circuit._ 


Copyright €>19S3 by FUjrrSU LIMITED 
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MB15A19 


BLOCK DESCRIPTIONS 


TRANSMIT/RECEPTION BLOCK 

• 20-bft latch 

• Programmable divider consisting of: 

Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Phase detector with phase polarity change function 

• 60OMHz dual modulus prescaler (Divide ratio: 64/65) 

• Charge pump 



COMMON BLOCK 

• 22-bit shift register 

« Programmable divider consisting of: 

Reference counter (Divide ratio: 256,2048) 

(Divide frequency • SOkHz, 6.25kHz (Crystal oscillator frequency » 12.8MHz) 

• Crystal osdilator 

• fp monitor output selector 

• Latch selector 

• Schmitt circuits 

• Analog switches 
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PIN DESCRIPTIONS 


Pin No. 


Pin Name 


I/O 


GNO 


Ground. 


' Ooscrlptfona 


2 

3 


OSCw 

oso 


I 

o 


OUT 


Oscillator input pin. 

Oscillator output pin. 

A crystal is connected between OSCm pin and OSCqut pin. 


4 I fini 


Prescaler input pin of transmit section. 

The connection with VCO should be AC connecton. 


5 Vcci 


Power supply voltage Input pin of transmit section. 

When power is OFF. lathed data of transmit section is cancelled. 


6 I fr 


O 


Monitor pin for programmable reference divider output 


7 LD1 


O 


Lock detect signal output pin of transmit section. 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


8 Vp, 

9 Dot 


10 BS1 


tf BS2 


12 


Do2 


Power supply voltage input for charge pump and analog switch of transmit section. 


O 


Charge pump output pin of transmit section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 


O 


O 


O 


Analog switch output pin of transmit section. 

Usually this pin is high«lmpedanc8 state. During SW is ON (LE » high), charge pump output is con¬ 
nected to this pin. 


Analog switch output pin of reception section. 

Usually this pin is high-impedance state. During SW is ON (LE « high), charge pump output is con¬ 
nected to this pin. 


Charge pump output pin of reception section. 

Phase ^aracterisdcs of the phase detector can be reversed depending upon FC-bit setting. 


13 


VP2 


Power supply voltage input for charge pump and analog switch of reception section. 


14 


LD2 


O 


Lock detect signal output pin of reception section. 


15 


fp 


O 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


Monitor pin for programmable divider output 

This pin outputs divided frequency of transmit section or reception section depending upon FP bit set¬ 


ting. 


FP bit 

Output 

H 

Transmit section (fpl) 

L 

Reception section (fp2) 
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PIN DESCRIPTIONS (Continued) 


prrt No. 


Pin N«m« 


. I/O 


OMOriptlons. 


16 


17 


18 


Vcc2 


fir >2 


LE 


Power supply voltage input pin for reception section, programmable reference divider, shift register, 
end crystal oscillator. 

When power Is OFF. latched data of reception section and reference counter is cancelled. 


PrescaJer input pin of reception section. 

The connection with VCO should be AC conneciton. 


Load enable input pin. This pin involves a schmitt trigger circuit 

When this pin is high, the data stored In the shift register is transferred Into the latch depending on a 
control data. 

At this moment charge pump output signal is output from BS pin since Internal analog swith becomes 


ON. 


19 


Data 


Serial data input pin of 22*falt shift register. This pin involves a schmitt trigger circuit 
The stored data in the shift register is transferred to either transmit section or reception section depend¬ 
ing upon a control data 


20 


Clock 


Control bit data 

The destination of data 

H 

Latch of transmit section 

L 

Latch of reception section 


Clock Input pin of 22-bit shift register. This pin involves a schmitt trigger circuit 
On rising edge of the clock shifts one bit of data into the shift register. 



FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 


fvco-{(MxN) + A}xfosc + B (A<N) 

fvco- Output frequency of external voltage controlled ocillator (VCO) 

M: Preset divide ratio of dual modulus prescaler (64) 

N: Preset divide ratio of binary 11 -bit programmaWo counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0^ A ^ 127) 

fosc* Reference oscillator frequency 
R: Preset divide ratio of reference counter (256 or 2048) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is input using three pins. Data pin. dock pin. and LE pin. Programmable divider of transmit section and programmable divider of recep¬ 
tion section are controited Individually. 

Seri^ data of binary data is input into Data pin. 

On rising edge of clock shifts one bit of serial data into the shift register. When load enable signal is high, the data stored in the shift register is 
transferred to either the latch of transmit section or the latch of reception section depending upon the control bit data setting. 


Control data 

Destination of serial data 

H 

Latch of transmit section 

L 

Latch of reception section 


SHIFT REGISTER CONFIGURATION 

Control bit 



N1 to Nil : Divide ratio of the programmable counter setting bit (16 to 2047) 
A1 to A7 : Divide ratio of the swallow counter setting bit (0 to 127) 

FC : Phase control bit of the phase detector 

FP : Output of the programmable divider control bit (fpl or fp2) 

REF : Divide ratio of the reference counter setting bit (256 to 2048) 
CNT ; Control bit 


SERIAL DATA INPUT TIMING 



On rising edge of the dock shifts one bit of the data into the shift register. 
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BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 




• 

. 

. 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio less than 16 is prohibited. 
Divide ratio (N) range «16 to 2047 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

. 


• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio (A) range » 0 to 127 



REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT 
H « 256 (fr« 50.0 kHz) 

L-2048 (fr« 6.25 kHz) 

FP : OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT 

H «fp pin (15 pin) outputs programmable divider output frequency (fp1) of transmit section. 
L »fp pin (IS pin) outputs programmable divider output frequency (fp2) of reception section. 

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR 
Output of charge pump is selected by FC pin. 



FC.H 

FC-L 

fr >fp 

H 

L 

fr.fp 

2 

Z 

fr < fp 

L 

H 

VCO Polarity 

© 

® 


Note:Z ■ High-impedance 

Depending upon the VCO poratity. FC bit should be set 
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PHASE DETECTOR OUTPUT WAVEFORM 



Not«: • Phase difference detection range « ~27C to *2k 

• LD output becomes tow when phase difference is tyy or more. 

LD output becomes high when phase difference less than tw is reperated 3 times or more. 

(e. g. tw « 625 to 1250 ns, fosctn « 12.8 MHz) 

• Spike apperance depends on the charge pump characteristics. The spike is output to diminish tiie dead band. 

• When fr > fp or fr < fp. spike might not generate depending up the VCO characteristics. 
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ANALOG SWITCH 

ON/OFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON. BS1, BS2 pin output 
the charge pump output {Dot, Dos). When analog switch Is OFF. BS pin is set to high impedance. 



Control data - H 

Divide ratio of transmit section is set 

Control data • L 

Divide ratio of reception section is set 

LE-H 

LEmL 

i 

X 

LE«L 

Analog switch of transmit section 

ON 

OFF 

OFF 

OFF 

Analog switch of reception section 

OFF 

OFF 

ON 

OFF 



When a analog switch is inserted between LP1 and LP2. faster lock up time Is achieved to reduce LPF time constant during PLL channel switching. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

•Note 

Min 



Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Vcci * Vcc 2 

Vp 

Vcc 

- 

8.0 

V 


Input Voltage 

ViN 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-40 

- 

♦85 

®C 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches vwth grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 




Symbol 

• Condition 

Value 

Unit 



-Min 

Typ 

Max 



•cci 

Reception section Is active. 


5.5 



Power Supply Current* 


Icca 

TransmiVreception section 
are active. 

- 

11.0 

- 

mA 

Operating Frequency** 

fin 

fin 


10 

- 

600 

MUt 

OSCg^ 

fosc 


- 

12.8 

20 




PfIN 

Vec-2.7 to 4.0V, son 

-8 

- 

0 


Input Sensitivity 


Vcc«4.0 to 5.5V. son 

-4 

- 

2 

oom 


OSCw 

Vosc 


0.5 

- 

- 

Vpp 

HlgMevei Input Voltage 

Except fin 

V« 


VccxO.7+0.4 

- 

- 


Low-level Input Voltage 

and OSCtN 

V. 


- 

- 

VccxO.3-0.4 


HIgfHevel Input Current 

Data, 

Clock 

LE 

I« 


- 

1.0 

- 


Low-level Input Current 

in. 


- 

-1.0 

- 

ma 

Input Current 

OSCm 

lose 


- 

±50 

- 


HigIv-fevel Output Voltage 

Except Do 

VoH 

Vcc*3.0V 

2.2 


- 

y 

Low-level Output Voltage 

andOSCouT 

VoL 


- 

- 

0.4 


High-impedance Cutoff 
Current 

Do 

loPF 

Vp « Vcc to 8.0V 

- 

- 

1.1 

MA 


Except Do 
and OSCouT 

loH 


-1.0 

- 

- 



iOL 


1.0 

- 

- 


Output Current 

Dot 

ioH 

Vp«6V 

- 

-1 

- 

mA 

ioL 

Vcc-3V 

- 

12 

- 


Doz 

loH 

Vp.6V 

- 

-3 

- 



iOL 

Vcc«3V 

- 

6 

- 


Analog Switch ON Resistance 

Ron 


- 

25 

- 

n 


Notes: ♦: fin • 600MHz, OSCw ■ 12.8MH2. Vcct • ^ccz * 3.0V. Ihe remaining input pins are grounded and output pins are open. 
AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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Note: Vp,,Vp 2 :8 V max. 

Cl, C2 :depends on the crystal oscillator. 

Clock. Data. LE : involve the schmitt drcuit 

When input pins are open, please insert the pull downAip resistor individually to prevent the oscillation. 
X’tal :12.8MH2 
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PACKAGE DIMENSIONS 


MB15A19 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 


CQQ-f.OlO 2 » 




.307±.016 

(7.80+0.40) 


.209±.012 

(5.30±0.30) 

_1 


.050(1.27) 

TYP 


(0.4510.10) 


0.005(0.13)®! 



.089(2.25) MAX 
' (MOUNTING HEIGHT) 
.002(0.05) MiN 
AND OFF HEIGHT) 



(0.50+0.20) 


.006:;gg2(0.i5::2;gf) 


Details of 'A* part 
-^ .008(0.20) 


.020(0.50) 

.007(0.18) 


.027(0.68) 


©1991 FUJITSU LIMITED F20003S-5C 


Dimensions in 
inches (millimeters) 


3 
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■— - - - - - DATASHEET 

MB1519 ASSP 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


FUpSU 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 600MHz PRESCALER 

The Fujitsu MB1519 is a 600MHz dual serial input PLL (Phase Locked) frequency synthesizer 
designed for cellular telephone and cordless telephone applications. 

The MB1519 has two PLL circuits on a single chip: one for transmit and the other for reception. 
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit 
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains a 
high sensitivity charge pump for faster lock up time. 

600 MHz dual modulus prescalers are on chip and enables a pulse swallow function. 

It operates supply voltage of 3.0V typ. and dissipates 11 mA typ. of current realized through the 
use of Fujitsu's unique U-ESBIC Bi-CMOS technology. 

• High operating frequency: fin = 600MHz 

• Low power supply voltage: Vcc = 2.7 to 5.5V 

• Low power supply current: Ice = f 1 niA typ, @3V. 

• Wide operating temperature: Ta = -40 to 85°C 

• Two charge pumps 

Low sensitivity charge pump for transmit 
High sensitivify charge pump for reception 

• Plastic 20-pin dual In line package (Suffix: -P) 

Plastic 20-pin flat package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS ( 

see NOTE) 

Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Vp 

Vcc to 10 0 


Output Voltage 

VOUT 

-0.5 to Vcc +0-5 

V 

Output Current 

bUT 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

OC 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
D1P>20P-M02 


PLASTIC PACKAGE 
FPT-20P-M01 


PIN ASSIGNMENT 

GND I 


let] Vcc2 


1 


20 

2 


19 

3 


18 

4 


17 

5 

TOP 

16 

6 

VIEW 

15 

7 


14 

8 


13 

9 


12 

10 


11 


BS2 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that nomal precautions be taken to avoid 
application of any voltage hi^er than maximum rated voltages 
to this high impedance circuit. 


Copyright©! 994 by FUJITSU LIMIED 
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MB1519 BLOCK DIAGRAM 
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BLOCK DESCRIPTIONS 


TRANSMIT/RECEPTION BLOCK 

• 20 -bit latch 

• Programmable divider consisting of: 

Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

Binary 11-bit programmable counter (Divide ratio: 16 to 2047} 

• Phase detector with phase polarity change function 

• 6 OOMH 2 dual modulus prescaler (Divide ratio: 64/65) 

• Charge pump 



COMMON BLOCK 

• 23-bit shift register 

• Programmable divider consisting of: 

Reference counter (Divide ratio: 512,1024) 

(Divide frequency * 25kHz. 12 . 5 kHz (Crystal oscillator frequency » 12.8MHz) 

• Crystal oscillator 

• fp monitor output selector 

• Latch selector 

• Schmitt circuits 

• Analog switches 
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PIN DESCRIPTIONS 


Mo.; 


Mltellli 


VO 


1 GND 


Ground. 


Doocrlpilonft 


2 

3 


OSCiN 


oso 


OUT 


I 

0 


Oscilator input pin. 

OscMiata output pin. 

A crystal is connected between OSCtN pin and OSCouT pin. 


ini 


Vcci 


L01 


Pnescaler input pin of transmit section. 

The connection with VCO should be AC connection. 


Power supply vottage input pin of transmit section. 

When power is OFF. latched data of transmit section is canceled. 


Monitor pin for programmable reference divider output. 


Lock detect signal output pin of transmit section. 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


8 I Vpi 


Power supply voltage input for charge pump and analog switch of transmit section. 


9 Dot 


O 


Charge pump output pin of transmit section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bH setting. 


10 


BS1 


11 I BS2 


12 Do2 


0 


O 


O 


Analog switch output pin of transmit section. 

Usually this pin is high-impedance state. During SW is ON (LE » high), charge pump output is con¬ 
nected to this pin. 


Analog switch output pin of reception section. 

Usually this pin is high-impedance state. During SW is ON (LE » high), charge pump output is con¬ 
nected to this pin. 


Charge pump output pin of reception section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 


13 


VP2 


Power sifiply voltage input for charge pump and analog switch of reception section. 


14 


LD2 


O 


Lock detect signal output pin of reception section. 


Condition 

LO pin output level 

Lock 

H 

Unlock 

L 


15 




O 


Monitor pin fa programmable d'rvder output. 

This pin outputs divided frequency of transmit section areception section depending upon FP bX set¬ 
ting. 


FPbit 

Output 

H 

Transmit section (fpl) 

L 

Reception section (fp2) 
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PIN DESCRIPTIONS (Continued) 




Pin mm 


VO 


DfltcrlipUont 


16 


Vcc2 


Power supply voltage input pin for reception section, programmable reference divkfer. shift register, 
and crystal osciliator. 

When power is OFF. latched data of reception section and reference counter is cancelled. 


17 


fin2 


Prescaler input pin of reception section. 

The connection with VCX) should be AC connecilon. 


18 


LE 


Load enable input pin. This pin involves a schmilt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch depending on a 
control data. 

At this moment, charge pump output signal is output IromBS pin since internal analog swith becomes 


ON. 


19 


Data 


Serial data input pin of 23'bit shift register. This pin involves a schmitt trigger circuit. 

The staed data in the shift register is transferred to either transmit section or reception section 
depending upon a control data. 


Control bit data 

The destination of data 

H 

Latch of transmit section 

L 

Latch of reception section 


20 


Clock 


Clock input pin of 23>bit sNft register. This pin involves a schmitt trigger circuit. 
On rising edge of the dock shifts one bit of data imo the shift register. 



FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 

fvco«{(MxN) + >^xfosc-R (A<N) 

fvco- Output frequency of external voltage controlled ociliator (VCO) 

M: Preset divide ratio of dual modulus prescaler (64) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7*bit swallow counter (0^ A ^ 127) 
fosc*Ref®*'ftnce oscillator frequency 
R: Preset divide ratio of reference counter (512 or 1024) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serialdala is input using three pins, Data pin, Clock pin, and LE pin. Programmabledivider of transmit section and programmable divider of recep¬ 
tion section are controNed individually. 

Serialdataof binary data is input into Data pin. 

On rising edge of clock shifts one bit of serial data into the shift register. When load enable signal is high, the data stored in the shift register is 
transferred to either the latch of transmit section or the latch of reception section depending upon the control bit data setting. 


Control data Destination of serial data 

H Latch of transmit section 

L Latch of reception section 


SHIFT REGISTER CONFIGURATION 


Control bit 



N1 to Nil : Divide ratio of the programmable oourrter setting bit (16 to 2047) 
A1toA7 : Divide ratio of the swallow counter setting bit (0 to 127) 

FC : Phase control bit of the phase detector 

DMY : Dummy bit (sets to low) 

FP : CHttput of the programmable divider control bit (101 or fp2) 

REF : Divide ratio of the reference counter setting bft (512 to 1024) 

CNT : Control bit 


SERIAL DATA INPUT TIMING 



On rising edge of the clock shifts one bit of the data into the shift register. 
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BINARY ll-BIT PROGRAMMABLE COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

- 

» 

■ 


• 

• 

• 

• 


2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Mott: Divide ratio less tharr 16 is proht>iled. 
Divide ratio (N) range »16 to 2047 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

A 

7 

A 

6 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 


• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio (A) range « 0 to 127 


DMY : DUMMY BfT INPUT 

This bit is set to kMT in operation. 

REF : DIVIDERATIO(R)OFTHEREFERENCECOUNTERSETTINGBrT 
H - 512 (fr-25.0 kHz) 

L » 1024 (fr-12.5 kHz) 

FP : OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BrT 

H »Ip pin (15 pin) outputs programmable divider output frequency (^1) of transmit section. 
L • ^ pin (15 pin) outputs programmable divider out^ frequency (fj^) of reception section. 

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR 
Output of charge pump is selected by FC pin. 




-11 

o 

i 

X 

FC«L 

It >fp 

H 

L 

Ir-fp 

Z 

Z 

tr<fp 

L 

H 

VCO Potarty 

(1) 

(2) 


Nott:Z >i Higtvimpedanoe 

Depending upon the VCO poratily, FC bit should be set. 
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PHASE DETECTOR OUTPUT WAVEFORM 


(FCM-High) 


■T'.V■■ tJ-: .'l 


(FC fait-Low) 


.. *1 


Phase differenoe detection range--2rc to •i>2rc 

LO oufaxit becomes low when phase difference is tw or more. 

LO output becomes high when phase difference less than tw is reperated 3 times or more. 

(e. g.tw - 625 to 1250 ns, fosc'm «12.8 MHz) 

Spl«e apperanoe depends on the charge pump characteristics. The spike is output to diminish the dead band. 
When ir > |> or fr < lb, spike might not generate depending up the VCO characteristics. 
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ANALOG SWITCH 

ON/OFF of the analog switch is oontrolied by the combination of the control data and LE signal. When the anatog switch is ON, BS1, BS2 pin output 
the charge pump output (Dqi . D 02 ). When analog switch is OFF. BS pin is set to high impedance. 



Control data « H 

Divide ratio of transmit section is set 

Control data * L 

Divide ratio of reception section is set 

X 

K 

ill 

LE-L 

LE.H 

LE-L 

Analog switch of transmit section 

ON 

OFF 

OFF 

OFF 

Artalog switch of reception section 

OFF 

OFF 

ON 

OFF 


When a analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL channel switching. 



RECOMMENDED OPERATING CONDITIONS 


ParaniMMr 

Symbol 

Vbluo 

UnK 

Mote 

Mm 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Vcci ■ Vcc2 

Vp 

Vcc 

- 

8.0 

V 


Input VoKage 

V|N 

GND 

- 

Vcc 

V 


Operating Temperatire 

Ta 

-40 

- 

+65 

•c 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESO precautions. Ensure that personnel and equipment are property grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

« Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


^auMHetar 


Symbol 



valut 


Unit 




Min 

lyp 

Max 




Icci 

Reception section is active. 

- 

5.5 

8.0 


Power Supply Cunant* 


ICC2 

TransmitA'eception section 
are active. 

- 

11.0 

16.0 

mA 

Operating Frequency** 

fin 

fin 


10 


600 

litLy 

OSCiN 

lose 


- 

12.8 

20 




PfiN 

Vcc-2-71O4.0V,50Q 

. 

-8 

- 

0 


Input Sensiivity 


Vcc-4.0to5.5V.50Q 

-4 

- 

4 



OSCiN 

Vosc 


0.5 

- 

- 

Vpp 

High-ievel Input Voltage 

Except fin 

V|H 


VccxO.7+0.4 

- 

- 


Low-level hput Voltage 

andOSCtN 

V|L 


- 

- 

VccxO.3-0.4 


Higlv-level Input Current 

Data, 

l|H 


- 

1.0 

- 


Low-level Input Current 

uncK 

LE 

l|L 


- 

-1.0 

- 

pA 

Input Curent 

OSCtN 

lose 


- 

150 

- 


High-level Output Voftage 

Except Do 

VOH 

Vec - 3.0V 

2.2 

- 

- 

W 

Loftf-level Output Voltage 

arxf OSCouT 

VoL 


- 

- 

0.4 

V 

High-impedance Cutoff 
CuiTent 

Do 

bFF 

Vp m Vec to 8.0V 
Voop-GND to 6.0 V 

- 

- 

1.1 

pA 


Except Do 

lOH 


-1.0 

- 

- 



andOSCouT 

lOL 


1.0 

- 



Output Cunent 

Dot 

lOH 

Vp»6V 

- 

-1 


mA 

bL 

1 VCC-3V 

- 

12 

- 



lOH 

Vp*6V 

- 

-3 

- 



Uo2 

bL 

Vcc-3V 

- 

6 

- 


Analog Switch ON Resistance 

Ron 


- 

25 

- 

Q 


NotM: *: fin « 600MHz. OSC(n »12.8MHz. Vcci *• Vcc 2 ■ 3.0V. The remaining input pins are grounded and output pins are open. 
**: AC coupling. Minimum operating frequency is measured when a capacitor 10OOpF is connected. 
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TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST) 
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PACKAGE DIMENSIONS 


2a-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M02) 


INDEX-1 

\ 

Xo 12 <2^ 

. 

«a+0.20. 

'^-9.30' . . ^ 

rA 



o 

INDEX-2 



T_r 

fyg ij y ^ 

.050 







15®MAX 



raaaaaaaaa 


.100(2.54) 


.050(1.27) 


TYP 


.018±.003 


.172(436)MAX 


.118(3.00)MIN 


(0.46±0.08) 


.020(0.51)MIN 


MAX 


©1991 FUJITSU UMITEO 020003S-3C 


Dimensions in 
inches (mWimeters) 
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MBIiH _ 

PACKAGE DIMENSIONS (Continued) 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE Na: FPT-20P-M01) 


.5oo:°^(i27o:2;g) 


‘ ' ■ ■ " . . . A 



^7t016 

(7.80±D.40) 






.089(2.2^ MAX 


(MOU^n^lNG HEIGHT) 
.002(0.05) MIN 


(STAND OFF HEIGHT) 


-. 008 ^®®°- 0 . 20 ' 


.020±.008 

(0.50±0.20) 


.050(1.: 


TYP 


m 


.018±.004 


(0.4S±0.10) 


^ 0.005(0.13)® 


I I 

I .002^i>40.05i 




01991 FUirrSU LIMITED F20003S>5C 


Dimensions in 
inches (miliimeters) 
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FUpSU 


5 MB15S series mz Product Profile Sheet 


IF BAND PLL FREQUENCY SYNTHESIZER 


Small package and IF band MASK ROM PLL 
(SIMPLL Series) 


The Fujitsu MB15S series is an exclusive Intermediate Frequency (IF) band Phase Locked Loop (PLL) frequency synthesizer with 
pulse swallow operation. It can operate at a maximum of 300MMz. 

The reference divider and comparison divider have fixed divide ratios, so that it is not required to set the divide ratios by a ^controller 
externally. Since the dividers are designed by means of a MASK ROM method, a customer can choose them optionally. SOP and 
SSOP 8-pin plastic packages are available. 



It operates with a supply voltage of 3.0V typ. and dissipates 3.5 mA typ. of current realized through the use of Fujitsu’s Bi-CMOS 
technology. 


FEATURES 

• Operating frequency: 300MHz max. 

• Low power supply current; Ice (total) = 3.5 mA typ. (Vcc = 3V) 

• Pulse swallow function; 

300MHz Prescaler: 16/17 or 32/33 

• MASK ROM optional the comparison and reference dividers: 

- Main counter; 5 to 4095 

- Swallow counter; 0 to 31 

- Reference counter; 5 to 4095 

• Charge pump options: 

- Analog cellular phones; Low sensitivity charge pump for direct modulation. 

- Digital cellular phones; Super charger circuit for High speed tuning. 

• Low power supply voltage: Vcc = 2.7 to 3.5V 

• Wide operating temperature: T^ = ^0 to d5°C 

• Plastic 8-pin SOP and 8-pin SSOP packages 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 5.0 

V 

Input voltage 

Vi 

-0.5 to Vcc + 0.5 

V 

Output Voltage 

VOUT 

-0.5 to Vcc +0.5 

V 

Output Current 

loUT 

0to5 

mA 

Storage Temperature 

Tstg 

-55 to+125 

“C 



NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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Div Divide ratio switching input. Two kinds of divide ratios are selectable by DIv input "H" or V. 


fout Test purpose output. This pin is an open drain output so that should be left open usually. 


OSCin Reference counter Input. Connection should be with AC coupling. 



























MB15S series 

















MB15S series 


FUNCTIONAL DESCRIPTIONS 

Divide ratios of the internal counters can be set optionally according to customer requirements. Two different frequencies 
can be selected by Div input "H" or 1". 

The divide ratio can be calculated using the following equation: 

fvco ■ {(P X N) + A} X fosc + R (A < N) 

fvco: Output frequency of external voltage controlled ocillator (VCO: up to 300MHz) 

P: Preset divide ratio of dual modulus prescaier (16/17 or 32/33) 

N: Divide ratio of the main counter (5 to 4095) 

A: Divide ratio of the swallow counter (0 to 31) 
fosc: Reference oscillation frequency (up to 23MHz) 

R: Divide ratio of the reference counter (5 to 4095) 


PHASE DETECTOR TIME CHART 



• Spikes on Do pulse during locking state are output to prevent dead zone. 

• LD output becomes low when phase difference is tw or more. 

« LO output becomes high when phase difference is tw or less and continues to be so for three cysles or more. 

• tw depends on OSCin input frequency. 

(e.g. tW635ns to 1250ns when foscin = 12.8 MHz) 


4-432 





MB15S series 


RECOMMENDED OPERATING CONDITIONS 



Symbol 

Value 

Unit 

Note 

Min 

lyp 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

3.5 

V 


Input Voltage 

ViN 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-40 

- 

+85 

“C 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly 
grounded. Cover workbenches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 

ELECTRICAL CHARACTERISTICS 


Recommended operating conditions unless otherwise noted. 


Parameter 

Symbol 


Value 

Unit 


Min 

TVP 

Max 

Power supply current 

Icc 

PLL is locked. Vcc = 
3.0V,Ta = 25°C 

- 

3.5 

5.0 

mA 

Operating frequency 

fin 

AC coupling by tOOOpF 
capacitor 

10 

- 

300 

MHz 

Oscillator input frequency 

fosc 

AC coupling by lOOOpF 
capacitor 

- 

12 

23 

MHz 

Input sensitivity 

Pin 

AC coupling by lOOOpF 
capacitor 

-10 

- 

+2 

dBm 

Oscillator input sensivity 

VOSCin 

AC coupling by tOOOpF 
capacitor 

0.5 

- 

- 

Vpp 

Input voltage (Div) 

ViH 


Vcc X 0.7 

- 

- 

V 

ViL 


- 

- 

Vcc X 0.3 

V 

Input current (Div) 

IlH 


- 

- 

1.0 

jiA 

ill 


-1.0 

- 

- 

vA 

Input current (OSCin) 

lose 


-100 


100 

liA 

Output voltage 

VOH 

Vcc = 3.0V 

2.6 

- 

- 

V 

VOL 

Vcc = 3.0V 

- 

- 

0.4 

V 

High impedance cut off current (Do) 

lOFF 

VDo<3.3V 

- 

- 

1.1 

(lA 

























MB15S series 


CUSTOMER REQUESTING SPECIFICATIONS 


Parameter > ' 

Opttoit 

Requirements . 

fvco 

VCO output frequency 

- 300MHz 

fvco-{(PxN) + A}xfr 


fosc 

Reference oscillation frequency 

~ 23MHz 
fosc « R X fr 


Com¬ 

parison 

divider 

N 

Main counter divide ratio 

5 to 4095 


A 

Swallow counte divide ratio 

0 to 31 


Refer¬ 

ence 

divider 

R 

Reference counter divide ratio 

5 to 4095 


fr 

Reference frequency 

Option 


P 

Prescaler divide ratio 

16/17 or 32/33 


Charge pump type 

Low sensitivity type or 
super charger 


Package 

SSOP 8-i5in or SOP 8-pin 


ES request date/qty. 

Typically 6 weeks from spec, 
fix to the first ES. 


CS request date/qty. 

- 


MP request date/qty. 

- 


Target price 

- 


Customer comments 
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MB15S series 


PACKAGE D'MENTIONS 


e-4.EAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-SP-MOI) 


’•25O.0O8' 



; 7.8010.40 
:(J07t,016) 
5.3010.30 
(.209 5.012) 


! 3.811.150) : 
‘ ' REF. ' 



DI992 FUllTSU LIMITED F08002SHC-3 


.2.2S(.089) MAX 

(MOUNTING HEIGHT) 
0.0S(.002) MIN 
I flSTANO OFF) 


0.S0t0.20 

(.0205.008) 


■j»r^.i3(.oow{ 


0*t*IU of "A” port I 

} ^0.20(.008)i 


^0.50(.020i: 

0.18(.007 )! 
I MAX ; 
‘0.68(.Q27 ) I 
MAX ' 


OInwnsiont in rriSinist«fS OnciMs) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-8P-M03) 


*: This dimensteft does rtot include resin protrusion. 



RPPfl 

1 (.138 = .0041 


INDEX 

I 

4 20 = 0.10 
(.165 =.004) 


d 

i 

f 

0 80 (.031 Si 

dyHH 

i 1 il 

035=0.10 -r- 


'25^0 10 

0.10( 0041 


(MOUNTING HEIGHT) 


5.20 (.205) 

NOM 

6.20:0.20 

I (.244 s.008) 


_ _ 

Oeudf o< "A'* part , 

B 0 10 = 0 10 i 

(.004 s .004) I 

; (STAND OPF i 

I , HEIGHT)' 


I 2 40( 094> REF 


0.50 = 0.20 
(.020 = 008) 


S:i992 FUllTSU LIMITED F080fl5S*lM 


Oimsnsions in milimeters (inches) 
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Edition 0.1 


Fujrrsu 


= MB15S02\ 


Product Profile Sheet - 


IF BAND PLL FREQUENCY SYNTHESIZER 


Small package and IF band MASK ROM PLL 
(SIMPLL Series) 


The Fujitsu MB15S02 is an exclusive Intermediate Frequency (IF) band Phase Locked Loop (PLL) frequency synthesizer with 
pulse swallow operation. The reference divider and comparison divider have fixed divide ratios, so that it is not required to 
set the divide ratios by a microcontroller externally. 

It operates with a supply voltage of 3.0V typ. and dissipates 3.5 mA typ. of cun-ent realized through the use of Fujitsu's 
Bi-CMOS technology. 

The RF synthesizer block of a digital cellular phone can be easily realized with an MB15S02 and MB1516A (1.1 GHz PLL, SSOP-16), 
both designed with GSM systems in mind. 



FEATURES 

• Prescaler operating frequency : 300MHz max. 

• Low power supply current: loc (total) - 3.5 mA typ. (Vcc * 3V) 

• Pulse swallow function; Prescaler: 16/17 

• Setting frequency (Selectable by Div input.) 

- fosc - 13.0MHz, f IF « 284.0MHz (Div « -H") 

- fosc - 13.0MHz, fIF « 116.0MHz (Div « "L") 

• Rapid synchronization at powering up 

Fujitsu’s original charge pump "super charger circuit" is included, that enables 
rapid synchronization at powering up. 

• Lock detector 

• Low power supply voltage: Vcc • 2.7 to 3.5 V 

• Wide operating temperature: Ta - -40 to 85<^C 

• Plastic 8-pin SSOP packages 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Valua 

Uolt^ 

Power Supply Voltage 

Vcc 

-0.5 to 5.0 

V 

Input Voltage 

Vi 

—0.5 to Vcc +■ 0.5 

V 

Output Voltage 

VOUT 

-0.5 to Vcc +0.5 

V 

Output Current 

lOUT 

0to5 

mA 

Storage Temperature 

Tstg 

-55 to +125 




NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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MB15S02 


PINASSGNMENT 



PIN DESCRIPTIONS 


Descriptions 




Vcc 

Power supply voltage input (2.7V to 3.5V). 

Do 

Charge pump output 

GND 

Ground 

fin 

Prescaier input. Connection should be with AC coupling. 

Div 

Divide ratio switching input. Two kinds of divide ratios are selectable by Div input "H" or "L". 

tout 

Test purpose output. This pin is an open drain output so that should be left open usually. 

LD 

Lock detector output. 

OSCin 

Reference counter input. Connection should be with AC coupling. 
































MB15S02 


BLOCK DIAGRAM 
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MB15S02 


FUNCTIONAL DESCRIPTIONS 

Two different frequencies can be selected by Oiv input "H” or "L”. 
The divide ratbs are cabulated using the folbwing equation: 


fvco-{(PxN) + A}xfo8c-^R (A<N) 






fvco 

Output frequency of external VCO 

284.0 MHz 

116.00 MHz 

fosc 

Reference oscillation frequency 

13.0 MHz 

13.0 MHz 

N 

Divbe ratb of the main counter 

17 

7 

A 

Divide ratio of the swallow counter 

12 

4 

P 

Preset divbe ratio of dual modulus prescaler 

16/17 

16/17 

R 

Divide ratb of the reference counter 

13(fr-1 MHz) 

13(fr-1 MHz) 


PHASE DETECTOR TIME CHART 



Note: • Phase difference detection range s to + 2 k 

• Spikes on Do pulse during locking state are output to prevent dead zone. 


• LD output becomes low when phase difference is tw or more. 

• LD output becomes high when phase difference is tw or less and continues to be so for three cysles or more. 


• tw depends on OSCin Input frequency. 

(e.g. tW635ns to 1250ns when foscin « 12.8 MHz) 
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MB15S02 


RECOMMENDED OPERATING CONDITIONS 


Partmelff ^ 



Value 


'mi: 

.V \ Note 

Mifci 


Male 


Power Supply Voltage 

Vcc 

2.7 

3.0 

3.5 

V 


Input Voltage 

ViN 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-40 

- 

+85 

•c 



HANDLING PRECAUTIONS 

• This device should be transported and stored In anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly 
grounded. Cover workbenches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 

ELECTRICAL CHARACTERISTICS 


Recommended operating conditions unless otherwise noted. 


: _ , Parameter* 

Symbol 

CprjdltlOR 

V#i 

Unit 

. Mm 

TfP 

I ^Max 

Power supply current 

Icc 

PLL is locked. Vcc * 

3.0V, Ta « 25®C 

- 

33 

5.0 

mA 

Operating frequency 

fin 

AC coupling by lOOOpF 
capacitor 

80 

- 

300 

MHz 

Oscillator input frequency 

lose 

AC coupling by tOOOpF 
capacitor 


12 

23 

MHz 

Input sensitivity 

Pin 

AC coupling by 10OOpF 
capacitor 

-10 

- 

+2 

dBm 

Oscillator input sensitivity 

VoSCin 

AC coupling by 10OOpF 
capacitor 

500 


- 

mVpp 

Input voltage (Div) 

ViH 


Vcc X 0.7 

- 

- 

V 

v«. 


- 

- 

Vcc X 0.3 

V 

Input current (Div) 

IlH 


- 

- 

1.0 

pA 

IlL 


-1.0 



tiA 

input current (OSCIn) 

lose 

i 

-100 


100 

pA 

Output voltage 

VOH 

Vcc * 3.0V 

2.6 

- 

- 

V 

VOL 

Vcc - 3.0V 

- 

- 

0.4 

V 

High impedance cut off current (Do) 

lOFF 

VDo< 3.6V 

- 

- 

1.1 

pA 
























MB15S02 


APPLICATION EXAMPLES 
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t 1992 FUIITSU IIMITEO F08005S-tM 


Oiimntions bi mjlimstar* (inches) 
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- SECTIONS 

Super Analog RF Devices -At a Glance 

introduced are a series of highly integrated Analog RF devices such as Low Noise Amplifiers (LNA), Modu¬ 
lators, Demodulators and Mixers that are typically used in the front ends of mobile and portable wireless 
communication systems. These include single and multMunction devices based on Fujitsu’s advanced RF 
BiCMOS and Bipolar processes which are second to none. 


Page 

Number 

Device Part 
Number 

Frequency 

(nwx) 

Features 

icc (*yp) 

Vcc 

Package 

5-3 

MB531 

1.1 GHz 

TX Mixer 

12.7 mA 

5V 

8-pin 

SSOP 

5-11 

MB539 

1.6 GHz 

LNA 

8 mA 

5 V 

8-pin 

SSOP 

5-19 

MB54501 

1.1 GHz 

LNA/Mixer 

6 mA 

3V 

16-pin 

SSOP 

5-25 

MB54502 

1.1 GHz 

Dual LNAs 

4 mA 

3V 

16-pin 

SSOP 

5-31 

MB54503 

1.1 GHz 

PA Driver 

Amp 

26 mA 

3.6 V 

16-pin 

SSOP 

5-37 

MB54609 

1.0 GHz 

Quadrature 

Modulator 

20 mA 

3V 

20-pin 

SSOP 

5-59 

MB54619 

2.0 GHz 

Quadrature 

Modulator 

25 mA 

3V 

20-pin 

SSOP 
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DS04-23504-1E 


DATA SHEET 


MB531 ASSP BIPOLAR 
Up Conversion Mixer (1.1 GHz) 


FUpSU 


■ DESCRIPTION 

The MB531 is a Up Conversion Mixer ideally suited for car telephones operating on AMPS, TAGS and similar 
frequency bands. 

Features include local buffer amp, double balanced mixer and emitter-follower circuit for high conversion gain and 
high isolation between Lo and RF inputs. 

The latest silicon process technology Is used to achieve a low power supply current of 13 mA. 


■ FEATURES 

• Wide input frequency range: up to 1.1 GHz (max) 

• High conversion gain: 3.5 dB (typ) Lo: 110 MHz, -5 dBm 

RF; 800 MHz, IF output: 910 MHz 

• High Isolation: RF-Lo: -28 dB (typ): RF-IF: -13 dB (typ) 

Lo-RF: -37 dB (typ): Lo-IF: -23 dB (typ) 


■ PACKAGE 



Copyrighi© 1995 by FUJITSU LIMITED 
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■ BLOCK DIAGRAM 


Vmix 



■ ABSOLUTE MAXIMUM RATINGS 


Parameter 


Power supply voltage 
Input voltage 
Output current 
Storage temperature 


Symbol 

Vcc 


ViN 


lour 


Tstg 


■ RECOMMENDED OPERATING CONDITIONS 


Parameter | Symbol 

Power supply voltage , Vcc 

Operating temperature | Ta 


MB531 



Value 

Unit 

—0.5 to +7.0 

V 

Vcc-3.5 to Vcc-2,5 

V 

10 

mA 

-55 to+125 

«>c 


Value 

1 Unit 

+4.5 to +5.0 

i '' 


-40 to +85 















MB531 


■ ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V, Ta = +25'‘C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min. 

Typ. ! Max. 

Power supply current 

Icc 

Vmijt + Vbias 

9,0 

13.0 

18.5 

mA 

Response frequency 

fRF 

— 

— 

800 

1100 

MHz 

fLO 

Lo «-10to0dBm 

— 

110 

1100 

MHz 

Output frequency 

fiF 

— 

— 

910 

1100 

MHz 

Conversion gain 

Gc 

* 

— 

3.5 

— 

dB 

Maximum output power 

Pout 

— 

-7.0 

— 

dBm 

Noise figure 

NF 

DSB measurement value * 

— 

13.5 

— 

dB 

Third order intercept point 

IP3 

Input level * 

— 

-4 


dBm 

1 dB compression point 

IdBCP 

Output level * 

- i -12 


dBm 

Crosstalk attenuation 

Xrf-»lo 

* 

- 1 -28 

— 

dB 

Xlo-»rf 

— 

-37 

[ 

dB 

Xrf-^if 

— 

-13 

— i dB 

Xlo-»if 

— 

-23 

' 

dB 

Open end voltage 

Vrf 

At Vcc - 5V. 

Pin function verification test 
(not a condition for operation) 

1.5 

2.0 

2.5 

V 

Vlo 

1.5 

2.0 

2.5 

V 

VlF 

2.7 

3.2 

3.7 

V 


Measurement conditions; RF = 800 MHz, Lo= 110 MHz, -5 dBm, IF = 910 MHz, Vcc = 5V, Ta= +25'’C 
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MB531 


■ ORDERING INFORMATION 


Part Number 

Package 

Remarks 

MB531PF 

", 

pin Plastic SOP 
FPT-8P-M01) 
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■ PACKAGE DIMENSIONS 


8-pin Plastic SOP 
(FPT-8P-M01) 
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OS04-23904-3E 

- ■ .... DATASHEET 

MB539 ASSP BIPOLAR 
Low-Noise AMP for High-Frequency Bands (to i.e ghz) 


FUpSU 


■ DESCRIPTION 

The MB539 is a low-noise amplifier IC (integrated circuit) for high-frequency bands, designed for use in mobile 
communications systems including portable phones. 

The low-noise, high-gain features of the MB539 provide exceptional stability. The IC Is capable of operating at 
frequencies as high as 1.6 GHz. 

The latest FUJITSU process technology is used to achieve low power consumption of 9.0 mA (typ). 

■ FEATURES 

• Operating voltage 

• Current consumption 

• Operating frequency 

• Gain 

• Noise figure 

• Maximum output power 

• 1 dB compression point 

• Third order Intercept point 

■ PACKAGE 


8-pin Plastic SSOP 



o V {lyfj./ 

9.0 mA (typ.) 

1.6 GHz (max.) 
11 dB 
4dB 
-2 dBm 

-17 dBm (input) 
-7 dBm (output) 
-5 dBm (input) 

6 dBm (output) 


> at fRF = 1.6 GHz 


(FPT-8P-M03) 


Copyright© 1995 by FUJITSU LIMITED 
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Pin No. 

Symbol 

1 

GND 

2 

Vcc 

3 ! 

.. ... ... .1 

GND 

4 

RFin 

5 

Vcc 

6 

Vcc 


7 

GND 

8 

RFout 


(Top view) 


1 sD 
a 7l 

3 6 ] 

4 sU 


(FPT-8P-M03) 


RFout 

GND 

Vcc 

Vcc 


Pin description 

GND 


Power supply 
GND 


RF AMP input 
Power supply 
Power supply 
GND 


RF AMP output 












MB539 


■ ABSOLUTE MAXIMUM RATINGS 


Parameter j Symbol 

Value ! Unit Remarks 

Power supply voltage 

Vcc 

-0.5 to ^7.0 V 

Output voltage 

Vo 

“0.6 to Vcc+0.5 

V I 

input voltage 

Vi 

-0.5 to Vcc+0.5 

V i 

Output current 

lo 

OtolO 

mA j 

j 

Storage temperature | 

Tstg 

“55 to+125 

“C j 


■ RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Power supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 


Input voltage 

Vt 

GND 

— 

Vcc 

V 

i 

Operating Temperature 

Ta 

I “40 


+85 

<^0 



Note: The user should take full precautions to prevent accidental damage from static electricity. 

• For storage or transport, place In a conductive case. 

• Before handling, verify that all operators, fixtures and tools are free from electrification (grounded), and 
use an operating platform of grounded conductive sheeting. 

• Always switch off the power before this device is inserted into or removed from sockets. 

• When handling or transporting circuit boards in which this device is mounted, leads must be protected by 
conductive sheeting. 
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MB539 


■ ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Power supply voltage 

Vcc 

4,5 

5.0 

5.5 

V 


Power supply current 

Icc 

— 

9.0 

12.0 

mA 

Vcc = 5.0V 

Operating frequency 

fmax 

— 

1100 

1600 

MHz 



1. fRFsHOOMHz (Vcc = 5.0V, Ta =+25‘>C) 


Parameter 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Gain 

Gain 

— 

16.0 


dB 


Noise figure 

NF 

— 

2.5 


dB 


Maximum output power 

Pout 

— 

0.0 

— 

dBm 


1 dB compression point 

IdBCP 

— 

-19.0 

— 

dBm 

Input 

— 

-3.0 i 

i — 

dBm 

1 

Output 

Intercept point 

IP3 

— 

-8.0 

— 

dBm 

Input 

— 

8.0 

— 

dBm 

Output 

In-Out isolation 

Iso 

— 

-25.0 

— 

dB 



2. fRF = 1600 MHz (Vcc = 5.0V, Ta > +25°C) 


Parameter 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Gain 

Gain 

— 

11.0 


dB 


Noise figure 

NF 

— 

4.0 


dB 


Maximum output power 

Pout 

- 

-2.0 


dBm 


1 dB compression point 

IdBCP 


-17.0 

— 

dBm 

Input 

— 

-7.0 1 

— 1 

dBm 

Output 

Intercept point i 

1P3 1 

1 

-5.0 i 

.i 

— I 

dBm 

Input 

_ 1 

6.0 

— 

dBm ' 

Output 

In-Out isolation i 

Iso 

- 

-20.0 

— 

dB 



Note: • Electrical characteristics may vary depending on the use of external elements or mounting conditions. 
■ The above characteristics represent data obtained with the “■ MEASUREMENT CIRCUIT." 
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FUpSU 


MB54501 

FRONT-END UP/DOWN CONVERTER 


INTRODUCTION 

The Fujitsu MB54501 Includes a low-noise amplifier and a mixer, which are used 
for front end of mobile telecommunication systems. 

Using Fujitsu’s advanced technology, MB54501 achieves an Icc of 6.0mA (typ.). 

ELECTRICAL CHARACTERISTICS 

Amplifier Mixer 

• Supply voltage 3V (typ.) 3V (typ.) 

• Current consumption 3mA (typ.) 3mA (typ.) 

• Input frequency 1.1GHz(max.) 1.1GHz(max.) 

• Gain 14dB(typ.)*1 15dB(typ.)*2 

• Noise figure 2.2dB (typ.) *1 5dB (SSB, typ.) *2 

• 1 dB compression point -1dBm (typ.) 

• Input return loss 8dB (typ.) *1 

• Output return loss 10dB (typ.) *1 

*1: Measured by the circuit of "measurement circuit example”. 

(fin = 878MHz) 

*2 : Measured by the circuit of "measurement circuit example”. 

(IF = 90MHz) 

PACKAGE 

• 16-pin Plastic Shrink Small Outline Package (Suffix: -PFV) 


ABSOLUTE MAXIMUM RATINGS 


Parameters 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Output Voltage 

Vo 

-0.5 to Vcc+0.5 

V 

Output Current 

lo 

0to10 

mA 

Storage Temperature 

Tstg 

-55 to+125 I 

°C 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 

are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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MB54501 


EQUIVALENT CIRCUIT 



PIN DESCRIPTIONS 


Pin No. 

Pin Name 

Description 

Pin No. 

Pin Name 

Description 

1 

RFout 

Amplifier output 

9 

MIXout 

Mixer output 

2 

GND 

Ground 

10 

GND 

Ground 

3 

GND 

Ground 

11 

RE 

Emitter of a transistor for mixer 

4 

Vcc 

Power supply 

12 


5 

NC 

No connection 

13 

NC 

No connection 

6 

GND 

Ground 

14 

Rext 

Emitter of a transistor for amplifier 

7 

GND 

Ground 

15 

RFin 

Amplifier Input 

8 

MIXin 

Mixer input 

16 

Lext 

Amplifier load connection 


5-2I 


r 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

UnK 

Min. 

Typ. 

Max. 

Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Input Voltage 

Vi 

GND 


Vcc 

V 

Operating Temperature 

Ta 

^0 


+85 

®c 


Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use property grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device Into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 



MB54501 


ELECTRICAL CHARACTERISTICS 


(Vcc = +3.0V,Ta = 25°C) 


Parameter 

Symbot 

Oondktons 

Target Value 

Unit 

Min. 

lyp. 

Max, 

Supply Voltage 

Vcc 


2.7 

3.0 

5.5 

V 

Supply Current 

Icc 


- 

3.0 


mA 

Operating Frequency 

RF|n 


- 

878 

1100 

MHz 

Gain 

Gain 


- 

14 

- 

dB 

Noise Figure 

NF 


- 

2.2 

- 

dB 

1dB Compression Point 

PidB 

Output 

- 

-1 

- 

dBm 

Input Return Loss 

RLin 


- 

8 

- 

dB 

Output Return Loss 

RLout 



10 

- 

dB 


Remark: Electrical characterlsics depend on external circuits (elements) or status of mounting. 

The above characteristics are measured by the test circuit in the next page. 

(Vcc = +3.0V,Ta = 25<’C) 


Parameter 

Symbol 

Conditions 

Ibrget Value 

Unit 

Min, 

lyp. 

Max. 

Supply Voltage 

Vcc 


2.7 

3.0 

5.5 

V 

Current Consumption 

Icc 


- 

3.0 

- 

mA 

Operating Frequency 

miXin 


- 

878 

1100 

MHz 

Gain 

S 21 

Amplifier characteristics 

- 

9 

- 

dB 

Conversion Gain 

Gc 

Mixer 

characteristics 

IF = 90MHz 


- 

15 

- 

dB 

Noise Figure 

NF 

SSB 

- 

5 

- 

dB 


Remark: Electrical characterlsics depend on external circuits (elements) or status of mounting. 
The above characteristics are measured by the test circuit in the next page. 
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MB54502 

LOW NOISE AMPLIFIER (2 CIRCUITS) 


LOW NOISE AND CURRENT AMPLIFIER 


INTRODUCTION 

The Fujitsu MB54502 includes two independent amplifiers which are used for mobile 
telecommunication applications such as handy phones and car phones. Both of the 
amplifiers achieve low current consumption as well as the low noise performance. 
Using Fujitsu’s advanced technology, MB54502 achieves an Icc of 2mA typ. respec¬ 
tively (total 4mA typ.). 

ELECTRICAL CHARACTERISTICS 


♦ 


• Supply voltage 3V (typ.) 

• Current consumption 2mA (typ.) 

• Input frequency 1.1 GHz(max.) 

• Gain 14dB(typ.)*i 

• Noise figure 2.2dB (typ.) *1 

• 1dB compression point “6dBm (typ.) *1 

• Amplitude tolerance 2.5dB (typ.) *i 

• Input return loss 8dB (typ.) *1 

• Output return loss 8dB (typ.) *1 

*1: Measured by the circuit of "measurement circuit example”, 
(fin = 820MHz) 

PACKAGE 

• 16-pin Plastic Shrink Small Outline Package (Suffix: -PFV) 


PLASTIC PACKAGE 
FP-16P-M05 


PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS 


Parameters 

Symbol 

Value 

Supply Voltage 

Vcc 

-0.5 to 7.0 

Output Voltage 

Vo 

-0.5 to Vcc+0.5 

Output Current 

lo 

OtOlO 

Storage Temperature 

Tstg 

-55 to+125 



Rext1 C 1 
Lextl C 2 
RFoutirZ 3 


16^RFin1 
15^GND 
14“1 Vcci 


GNDCI^ TOP 13 □NC 
Ncrs 12-1VCC2 


RFout2[I 6 
LexiaC 7 
Rextzr; 8 


11 □gnd 

lO^GND 
9 “I RFin2 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 

are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid api^ication of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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MB54502 


EQUIVALENT CIRCUIT 



RFout2 

Lext2 


Rext2 


AmplifleM 


Amplifler2 


PIN DESCRIPTIONS 


Pin No. 

Pin Name 

Description 

Pin No. 

Pin Name 

Description 

1 

Rext1 

Emitter (amplifier 1) 

9 

RFin2 

input (amplifier 2) 

2 

Lext1 

Load connection (amplifier 1) 

10 

GND 

Ground 

3 

RFoutI 

Output (amplifier 1) 

11 

GND 

Ground 

4 

GND 

Ground 

12 

Vcc2 

Power supply (amplifier 2) 

5 

NC 

No connection 

13 

NC 

No connection 

6 

RFout2 

Output (amplifier 2) 

14 

Vcci 

Power supply (amplifier 1) 

7 

Lext2 

Load connection (amplifier 2) 

15 

GND 

Ground 

8 

Rexta 

Emitter (amplifier 2) 

16 

RFinI 

Input (amplifier 1) 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

TVp. 

Max. 

Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Input Voltage 

Vi 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

®c 


Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

~ Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 



MB54502 


ELECTRICAL CHARACTERISTICS 


(Vcc1 = +3.0V. Vcc2=0.0V, Ta = 25®C 
or Vcci = O.OV, Vcc2=+3.0V, Ta = 25°C) 


Parameter 

Symbol 

Conditions 

Target Value 

Unit 

Min. 

lyp. 

Max. 

Supply Voltage 

Vcc 


2.7 

3.0 

5.5 

V 

Supply Current 

Icc 

1 amplifier active 


2.0 

- 

mA 

Operating Frequency 

fin 


- 

820 

1100 

MHz 

Gain 

Gain 


- 

14 

- 

dB 

Noise Rgure 

NF 


- 

2.2 

- 

dB 

1dB Compression Point 

PldB 

Output 

- 

-S 

- 

dBm 

Amplitude Tolerance 

- 

820 ±50 MHz 

- 

2.5 

- 

dB 

Input Return Loss 

RLin 


- 

8 

- 

dB 

Output Return Loss 

RLout 



8 

- 

dB 


Remark: Electrical characterisics depend on external circuits (elements) or status of mounting. 
The above characteristics are measured by the test circuit in the next page. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M05) 



*:This dimension does not include resin protrusion. 
©1991 FUJITSU LIMITED F16013S-2C 


Dimensions in 
inches (millimeters) 
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MB54503 

HIGH-POWER AMPLIFIER 


INTRODUCTION 

The Fujitsu MB54503 is a high-power amplifier which is used for mobile telecom¬ 
munication systems such as handy phones and car phones. This device is ideally 
suitable for power amplifier driver. 

Using Fujitsu’s advanced technology, MB54503 achieves an Icc of 26.0mA (typ.). 


ELECTRICAL CHARACTERISTICS 


♦ 


• Supply voltage 

• Current consumption 

• Input frequency 

• Gain 


3.6V (typ.) 
26mA (typ.) 
1.1GHz(max.) 
25dB (typ.) *1 


PLASTIC PACKAGE 
FP-16P-M05 


Output level (@ Pin=-8dBm) +13dBm (typ.) *1 


Input return loss 
Output return loss 


14dB (typ.) *1 
6dB (typ.) M 


*1: Measured by the circuit of "measurement circuit example’ 
(fin = 933MHz) 


16-pln Plastic Shrink Small Ooutline Package (Suffix; -PFV) 


ABSOLUTE MAXIMUM RATINGS 


Parameters 



Supply Voltage 


Output Voltage 


Output Current 


Storage Temperature 


NOTE: Permanentdevicedamagemayoccuriftheabove AbsoluteMaxImum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 
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MB54503 


EQUIVALENT CIRCUIT 



-® RFouta 


-® Rext2 


PIN DESCRIPTIONS 


Pin No. 

Pin Name 

Description 

Pin No. 

Pin Name 

Description 

1 

RFin1 

The first amplier input 

9 

GND 

Ground 

2 

GND 

Ground 

10 

GND 

Ground 

3 

Rextl 

Emitter for the first amplifier 

11 

Rext2 

Emitter for the second amplifier 

4 

GND 

Ground 

12 

RFin2 

The second amplier Input 

5 

NC 

No connection 

13 

NC 

No connection 

6 

Vcc 

Power supply 

14 

RFoutI 

The first amplifier output 

7 

GND 

Ground 

15 

Lext 

Load connecting for the first ampli¬ 
fier 

8 

RFout2 

The second amplifier output 

16 

GND 

Ground 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

lyp. 

Max. 

Supply Voltage 

Vcc 

2.7 

3.6 

5.0 

V 

input Voltage 

Vi 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

4-85 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before Inserting or removing this device into or from a socket. 

- Protect leads with conductive sheet, when transporting a board mounted device. 
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ELECTRICAL CHARACTERISTICS 


(Vcc = +3.6V.Ta = 25°C) 


Parameter 

Symbol 

Conditions 

Target Value 

Unit 

Min. 

lyp. 

Max. 

Supply Voltage 

Vcc 


2.7 

3.6 

5.0 

V 

Supply Current 

Icc 


- 

26 

- 

mA 

Operating Frequency 

fin 


- 

933 

1100 

MHz 

Gain 

Gain 


- 

25 

- 

dB 

Output Power 

Pout 

Pin = -8dBm 

- 

+13 

- 

dBm 

Input Return Loss 

RLin 


- 

14 

- 

dB 

Output Return Loss 

RLout 


- 

6 

- 

dB 


Remark: Electrical characterisics depend on external circuits (elements) or status of mounting. 
The above characteristics are measured by the test circuit in the next page. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M05) 



*:This dimension does not include resin protrusion. 
©1991 FUJITSU LIMITED F16013S-2C 


Dimensions in 
inches (millimeters) 








MB54609 ASSP for Telephone 

Quadrature Modulator 1C (With 1.0 GHz Up-Converter) 


DESCRIPTION 


The MB54609 is an intermediate-frequency (IF) quadrature modulator IC incor*^^^ a 1.0-GHz up-converter 
optimized for use in digital mobile telecommunication systems such as GS^^^=’D(^^>sona( Digital Cellular). 

The MB54609 Incorporates a quadrature modulator for IF modulation, %trd^^^^^=up-convert mixer, and a F/F 
type phase shifter as well, capable of handing IPs in a broad band. 


In addition, the MB64609 operates at a low power supply voltage<c^3.0 \pn^1ow power supply current of 18 mA 
(both as typical values), contributing to saving the power device. 


FEATURES t 

• Incorporating a high-performance transmissigo.irife 


I the entire frequency band of up to 800 MHz 


used for PDC services (Maximum outpul GHz) 

Maximum output frequency: 1.1 GHz, OtJ[^Jev^:I-^9 dBm (typical) 


Externally connecting the quadraU/^n^duf^S^^with the transmission mixer, allowing a bandpass filter (BPF) 
to be inserted in between ^ 

The quadrature modulator a 50 O load. 




(Continued) 


PACKAGE 
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(Continued) 

• Flip-flop phase shifter capable of handling intermediate frequencies in the broad band (100 to 800 MHz) 

• Operation at low voltage: 2.7 to 3.0 to 3.3 V 

• Low current consumption 

During operating: 18.0 mA (typical) 

In power save mode: 0.6 mA (typical) 

• Operating temperature range: Ta =-20 to+85®C 


■ PIN ASSIGNMENT 


(Top view) 





MB54609 


■ PIN DESCRIPTION 


Pin no. 

Pin name 

Function 

1 

RFout 

Up-converter output pin 

2 

GND 

GND pin 

3 

L02 

LO Input pin for mixer 

4 

GND 

GND pin 

5 

XIF 

IF input complementary pin for mixer 

6 

IF 

IF input pin for mixer 

7 

L01 

LO input pin for quadrature modulator 

8 

XL01 

LO input complementary pin for quadrature modulator 

9 

GND 

GND pin 

10 

Vcc 

Power supply pin 

Power supply voltage must be applied to both pins. 

11 

Vcc 

Power supply pin 

12 

GND 

GND pin 

13 

1 

Baseband input (1) pin 

14 

XI 

Baseband input (i) complementary pin 

15 

QMOD 

Quadrature modulator IF output pin 

16 

XQMOD 

Quadrature modulator IF output complementary pin 

17 

XQ 

Baseband input (Q) complementary pin 

18 

Q 

Baseband Input (Q) pin 

19 

GND 

GND pin 

20 

PS 

Power save mode control pin 
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■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Rating 

Unit 

Remarks 

Power supply voltage 

Vcc 

-0.5 to 5.0 

V 


Output voltage 

Vo 

-0.5 to Vcc + 0.5 

V 


— 

Input voltage 

Vi 

-0.5 to Vcc + 0.5 

V 


Open collector applied voltage 

Voc 

Vcc ±0.3 
(-0.5 to 5.0) 

V 

RFout pin 

Do not leave this pin 
open. 

Output current 

lo 

' ±10 

mA 


Storage temperature 

Tstg 

-55 to +126 

"0 



Note: Although the MB54609 contains an antistatic element to prevent electrostatic breakdown and the circuitry 
has been improved in electrostatic protection, observe the following precautions when handling the device: 

• When storing or carrying the device, put it in a conductive case. 

• Before handling the device, check that the jigs and tools to be used have been uncharged (grounded) as 
well as yourself. Use a conductive sheet on the working bench. 

• Before fitting the device into or removing it from the socket, turn the power supply off. 

• When handling (such as transporting) the MB54609 mounted board, protect the leads with a conductive 
sheet. 

Precaution: Exceeding any of the above absolute maximum ratings may cause permanent damage to the LSI. For 
normal operation, the device should be used under the recommended operating conditions. 
Exceeding any of the recommended conditions may adversely affect LSI reliability. 
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■ RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Power supply voltage 

Vcc 

2.7 

3.0 


V 


Input voltage 



— 


V 


Open collector applied voltage 

Voc 

Vcc-0.2 

B 

Vcc+ 02 

V 

RFout pin. Do not leave this 
pin open. 

Operating temperature 

Ta 


— 


mm 



■ ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Value 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Power supply current 

Icc 

— 

18.0 

23.5 

mA 

DC current (Input with no 

AC signal) 

Power supply current in power 
save mode 

IccPS 

— 

0.6 

0.9 

mA 

DC current (Input with no 

AC signal) 

Shifter input 
L01 

Operating band 

fLOl 

100 

400 

800 

MHz 


Input level 

Ploi 

-15 

— 

-5 

dBm 


Baseband 

input 

Operating band 

fSB 

DC 

— 

10 

MHz 


Input amplitude 

Vbb 

— 

— 

1.2 

Vpp 


Offset voltage 

Vos 

1.5 

1.6 

1.7 

V 

External offset voltage value 

Offset current 

los 

— 

3.0 

— 

mA 

! Input Imp. converted value = 
533 

Mixer input 
L02 

Operating 6and 

fL02 

• — 

750 

1100 

MHz 


Input level 

Pl02 

— 

— 

0 

dBm 


Mixer output 
RFout 

Operating band 

fRF 

— 

950 

1100 

MHz 

fRF = fL02 ± fLOl/2 

Output level 

Prf 

— 

-9 

— 

dBm 

— 

fLOi = 400MHzH5dBm) 
fLO 2 = 750MHz{-5dBm) 
fflF = 950 MHz output 
OMOD/MtxdifecI connection 

VB8 = 1 Vpp 

Modulation 

precision 

Amplitude deviation 

Aerr 

— 

1.3 

— 

% 

RMS value 

Phase deviation 

Perr 

— 

0.82 

— 

deg. 

RMS value 

Vector error 

Verr 

— 

1.9 

— 

% 

RMS value 

Carrier suppression 

cs 

— 

-40 

-30 

dBc 

With external offset 
unadjusted 
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■ EVALUATION BOARD (Reference Example) 

• Material: BT resin BT-HL870 (Dielectric constant [1 MHz] = 3.4 to 3.6) 

• Thickness: 4 layers, 1.6 mm (Copper thickness: External layer * 18 Internal layer = 70 pm) 

• Plating: electroless gold plating 



(Continued) 
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■ 800-MHz PDC APPLICATION MEASUREMENT DATA (Reference Values) 


Parameter 

Symbol 

Measurement 

result 

Unit 

Condition 

Test 

circuit 

Baseband input signal 

fee 

42 1 

kbps 

JC/4DQPSK, Root»Nyqulst filter (a = 0.5) 

— 

Vbb 

1.0 

Vpp 

Single-end Input 

— 

Shifter input signal L01 

fLOl 

400 

MHz 

— 

— 

Ploi 

-15 

dBm 

— 

— 

Mixer input signal L02 

fL02 

760 

MHz 

— 

— 

Pl02 

-5 1 

dBm 

— 

— 

Mixer output signal RFout 

fRF 

950 

MHz 

fRF » fL02 + fLOl/2 


Prf 

-8.4 

dBm 

SSB value 

1 


RLloi 

-17 

dB 

fLOl * 400 MHz 


Return loss 

RLl02 

-2 i 

dB 

fL02 * 750 MHz 

3 


RLrf 

-12 I 

dB 

fRF = 950 MHz 



Aerr 

1.3 

% 

RMS Magnitude Error 


Modulation precision 

Perr 

0.82 

deg. 

RMS Phase Error 

2 


Verr I 

1.9 

% 

RMS Vector Error 


Carrier suppression 

-cs_ 

-34.5 

dBc 

— 

2 


• External circuit constants (with the 1C mounted on the evaluation board) 





MB54609 


Modulation precision and output spectrum (test circuit 2) 

@ Baseband signal: id A DQPSK» 42 kbps, 1.0 Vpp, PN 15, Root-Nyquist filter a = 0.5 
Input signals: L01 s 400 MHz, -15 dBm; L02 = 750 MHz, ^ dBm 
Output signal: RFout s 950 MHz 


Modulation precision 


Output spectrum 


RMS vector Efror - 1.927% 

PMkVactor Emr . 4.234% 

RMS Magnltud* Enor * 1J90% 

PMkMagnlludtEnw . 3.364% 

RMSPhtw Emr. 0.821 da0* 

PaMiPtiiM Emr . -2.240 (Mqs 

CamwFraq OflMt. •.5ei»^»Hj 
CwrIvPiWM OdNl. 167.496 O009 


eiw Victor .( 2JOS, 0J34)% 
-(-4.636,10J66)% 



VG: 9.000*^1 V/0)v 

BMiMnd FHltr RlNyq (OJOOO) RwtangM Lm . 64 OSR . 4.761909 


CENTER - 960 MHz 
SPAN-200 kHz 

RBW-3kHz VBW-IOOHz SWP = 3s 

ATT-IOdB 

REF-0 dBm lOdB/div. 


Spectrum (test circuit 2) 

@ Baseband signal: 7c/4 DQPSK, 42 kbps, 1.0 Vpp, 0000, Root-Nyquist filter a = 0.5 
Input signals: L01 s 400 MHz, -15 dBm; L02 r 750 MHz, -5 dBm 
Output signal: RFout s 950 MHz 


: 240 kHz 


Span = 700 MHz 


Nil 


Nil_ 

HHIIflBlI 




immsl 


CENTER = 950 MHz 
SPAN = 26.2 kHz 

RBW-300HZ VBW-300HZ SWP»1.3s 

ATT - 10 dB 

REF = 0 dBm lOdB/dIv. 


CENTER - 750 MHz 
SPAN » 700 MHz 

RBW-IMHz VBW»3kHz SWP-1.1; 
ATT-IOdB 

REF = 10 dBm lOdB/dIv. 
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• RF output level dependent on baseband amplitude (Prf: test circuit 1, Modulation precision: test circuit 2) 
@ Baseband signal of test circuit 2: 7c/4 DQPSK, 42 kbps, t .0 Vpp, PN15, Root-Nyquist filter a s 0.5 
Input signals of test circuits 1 and 2: LOI s 400 MHz, -15 dBm; L02 s 750 MHz, -5 dBm 
Output signals of test circuits 1 and 2: RFout s 950 MHz 



• RF output level dependent on LOI and L02 Input levels (Prf: test circuit 1, Modulation precision: test circuit 2) 

@ Baseband signal of test circuit 2: n/4 DQPSK, 42 kbps, 1.0 Vpp, PN 15, Root-Nyquist filter a = 0.5 
Input signals of test circuits 1 and 2: LOI s 400 MHz, -15 dBm; L02 = 750 MHz, -5 dBm 
Output signals of test circuits 1 and 2: RFout = 950 MHz 


• RF output level dependent on LOI input level 
(@Puo 2 = -6 dBm) 


• RF output level dependent on L02 input level 
(<§)Ploi s -15 dBm) 



a 

ec 

> 


I 

CO 

s 

cc 
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RF output level dependent on temperature (Prf: test circuit 1, Modulation precision: test circuit 2) 
@ Baseband signal of test circuit 2: nl4 DQPSK, 42 kbps, 1.0 Vpp, PN15, Root-Nyquist filter a s 0.5 
Input signals of test circuits 1 and 2: L01 r 400 MHz, -15 dBm; L02 = 750 MHz, -5 dBm 
Output signals of test circuits 1 and 2: RFout = 950 MHz 


Vcc » 3.3 V 
:Vcc«3.0V 
■ Vcc - 2.7 V : 


Vcc«3.3V^o > 
Vcc » 3.0 V 5 



Temperature Ta (“C) 

Carrier suppression dependent on temperature (test circuit 2) 

(§) Baseband signal: id4 DQPSK, 42 kbps, 1.0 Vpp, 0000, Root-Nyquist filter a = 0.5 
Input signals: L01 = 400 MHz, -15 dBm; L02 s 750 MHz, -5 dBm 
Output signal: RFout = 950 MHz 


___— Vcc = 3.3 V 

I]]]]!]!,..—- Vcc « 3.0 V 
__Vcc » 2.7 V 


Temperature Ta TC) 









Input impedance (with components mounted: test circuit 3) 

@ Impedance including external components and evaluation board 



• Output impedance (with components mounted: test circuit 3) 

@ Impedance including external components and evaluation board 

• RFout 



CH2S^^ log MAG 10dB/REF0dB 2: -11.792 dB 









940.000 000 MHz 








.V 1“. 








900 MHz 
























>L U I'—.v 
















1 - r 

_4 -4 5661dB. 

— 

— 

— 

— 

— 

— 

— 

1.1 GHz 


START 100.000 000 MHZ STOP 1 100.000 000 MHz 
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MB54609 

■ 1.5-GHz PDC APPLICATION MEASUREMENT DATA (Reference Values) 

• Measurement results 



External circuit constants (with the IC mounted on the evaluation board) 
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Modulation precision and output spectrum (test circuit 2) 

@ Baseband signal: nI4 DQPSK, 42 kbps, 1.0 Vpp, PN 15, Root-Nyquist filter a = 0.5 
Input signals: L01 = 356 MHz, --S dBm; L02 = 1619 MHz, dBm 
Output signal: RFout= 1441 MHz 


Modulation precision 


Output spectrum 



RMS vector Error > 2^43% 

Peak vector Error . 4JS2H 

RMS Mettnitude Error . l.S97^ 

Peek MegnHude Error . 3796% 

RMSPhaee Error. 0.S02dogi 

PeekPttne Error . -1.977 degt 

CvrtarPreq Oflkei. -i.4$4e«03Hz 

Center Phase Odssi. 7.4t7dagt 


Bies vector .( 1.639.17791% 
Qrsvfty Center . (-t .295,0.633)% 


VG: 7.000e^ V/Div 

Besabend PWer RtNyq (0.900) Rectsngte Len . 64 OSR > 4.761905 



CENTER - 1441 MHz 
SPAN-200 kHz 

RBW»3kHz VBW-3kHz SWP»100ms AVG - 128 
ATT-IOdB 

REF--10dBm lOdB/div, 


Spectrum (test circuit 2) 

@ Baseband signal: nt4 DQPSK, 42 kbps, 1.0 Vpp, 0000, Root-Nyquist filter a s 0.5 
Input signals: L01 = 356 MHz, S dBm; L02 = 1619 MHz, S dBm 
Output signal: RFout=1441 MHz 


Span s 26.2 kHz 


Span = 500 MHz^ 
s 

o> E 

-S OQr 




iSlBBIBiii 


iiiiinHiiiin 






CENTER - 1441 MHz 
SPAN - 26.2 kHz 

RBW-300HZ VBW=100Hz SWP = 4 s 
ATT-IOdB 

REF = -10 dBm lOdB/div. 


CENTER - 1619 MHz 
SPAN = 500 MHz 

RBW - 1 MHz VBW - 1 kHz SWP = 3 s 
ATT - 10 dB 

REF--10 dBm lOdB/dIv. 











RF output level Prf (dBm) 


MB54609 


• RF output level dependent on baseband amplitude (Prf: test circuit 1, Modulation precision: test circuit 2) 
@ Baseband signal of test circuit 2: n/4 DQPSK, 42 kbps, 1.0 Vpp, PN15, Root-Nyquist filter a = 0.5 
input signals of test circuits 1 and 2: L01 = 356 MHz, ~5 dBm; L02 = 1619 MHz, -5 dBm 
Output signals of test circuits 1 and 2: RFout = 1441 MHz 



Base band amplitude Vbb (Vpp) 


• RF output level dependent on L01 and L02 input levels (Prf: test circuit 1, Modulation precision: test circuit 2) 

@ Baseband signal of test circuit 2: n/4 DQPSK, 42 kbps, 1.0 Vpp, PN 15, Root-Nyquist filter a s 0.5 
Input signals of test circuits 1 and 2: L01 = 356 MHz, --5 dBm; L02 = 1619 MHz, -5 dBm 
Output signals of test circuits 1 and 2: RFout s 1441 MHz 

• RF output level dependent on L01 input level • RF output level dependent on L02 Input level 

((i>PL 02 = -6 dBm) (<§>Ploi = -5 dBm) 
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Input impedance (with components mounted: test circuit 3) 

@ Impedance including external components and evaluation board 


CHI S 1 UFS 


CH2S.^ iogMAQ 


1:48.992 ft -2.7891 0 570.64 pF CHI S ,, 1 U FS 

T 100.000 000 MHz 


/ 

N / 

' ^_ 



4; 36.615ft -51.574 ft 1.9287 pF 

r''\ 1 600.000 000 MHz 


1; 15.662 ft 

- 38.445 ft 

1 GHz 







START 100.000000 MHz 


STOP 1 100.000 000 MHz 


START 100.000 000 MHz 


STOP 2 100.000 000 MHz 


Output impedance (with components mounted: test circuit 3) 

@ Impedance including external components and evaluation board 


CHI Su 1 UPS 


1:74.918 ft -5.0469 ft 21.884 pF 

441.000000 MHz 
P 1: 22.76fl 

f / 

f ! 58-35 ft 

I \ 5.0293 ft 

\ N ' TV 

\ y * - y 4: 58.844 ft 


CH2 S ^ ^ log MAG 


2; -13.853 06 

1 441.000 000 MHz I 



START 100.000 000 MHz 


STOP 2 100.000 000 MHz 
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(Continued) 


Test circuit 3 (for impedance measurement with components mounted) 

Network analyzer (50 O) «- 1 


N.C. CH I 


N.C. Oi Q 


Q Q 


I i 

"g o 


RFout Network analyzer (50 Q) 


Vos » 1.6 Vos ^ Vos ^ Vos ^ Vos 
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■ ORDERING INFORMATION 


Part number 

Package 

Remarks 

MB54609PFV 

20-pin Plastic SSOP 
(FPT-20P-M03) 
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*4.4010.10 6.4010.20 
(.1731.004) (2521.008) 
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^ MB54619^^^^=- FUjiTSU 

QUADRA TURE MODULA TOR 

(2.0GHz BAND UP CONVERTER BUILT IN) 

INTRODUCTION 

MB54619 is a quadrature modulator 1C for IF modulation. The power consumption is as low as 25mA typ. because of Fujitsu's 
advanced technology. There is a 2.0GHz band up converter on chip that makes the MB54619 Ideally suitable for high frequen¬ 
cy mobile communications such as DECT, PCN, GSM and so on. The phase shifter is F/F type and allows a wide IF bandwidth 
to be achieved. 


FEATURES 

• High performance transmit mixer 
Output frequency : 2.0 GHz max. 

Output level : -14 dBm typ. 

• Quadrature modulator and transmit mixer have external pinouts 
and allows for a BPF to be inserted between them. 

Quadrature modulator output can drive a 50 O toad. 

• F/F type phase shifter allows wide IF band operation 
Operating IF band : 100 MHz to 800 MHz 

• Low power supply voltage : Vcc s* 2.7 V to 3.3 V 

• Low supply current 

Operating : 25.0 mA typ. 

Power down mode : 0.6 mA typ. 

• Operating temperature : Ta =-20 ^C to+75 

• Package : Plastic SSOP 20-pin (FPT-20P-M03) 



BLOCK DIAGRAM 
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PIN ASSIGNMENT 



<TOP VIEW> 


RFoutI 

1 

20 

1 PS 

GNDl 

2 

19 

1 GND 

L02l 

3 

18 

Z3Q 

GNDl 

4 

17 

1 XQ 

XIFl 

5 

16 

1XQMOD 

IF|= 

6 

15 

1 QMOD 

XLOII 

7 

14 

Z3XI 

toil 

8 

13 

ZDi 

GNDl 

9 

12 

1 GND 

VccI 

10 

11 

-1 Vcc 


PIN DESCRIPTION 


Pin No. 

Symbol 

Description 


Symbol 

Description 

1 

RFout 

Up converter output 

11 

Vcc 

Power supply 

2 

GND 

Ground 


GND 

Ground 

3 

L02 

Mixer LO input 

13 

1 

Baseband input (!) 

4 

GND 

Ground 

14 

XI 

Baseband complementary input (1) 

5 

XIF 

Mixer iF complementary input 

15 

QMOD 

Q-modulator IF output 

6 

)F 

Mixer IF input 

16 

XQMOD 

Q-modulator IF complementary output 

7 

! XL01 

Q-modulator LO complementary input 

17 

XQ 

Baseband complementary input (Q) 

8 

L01 

Q-modulator LO input 

18 

Q 

Baseband input (Q) 

9 

GND 

Ground 

19 

GND 

Ground 

10 

Vcc 

Power supply 

20 

PS 

Power down control 
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ELECTRICAL CHARACTERISTICS 


. Ta =. 25 °C 


Parameter 

Symbol 

Target Value 

Unit 

Note 

Min. 

Typ. 

Max. 

Power supply voltage 

Vcc 

2.7 

o 

CO 

3.3 

V 


Power supply current 

Icc 


25.0 


mA 

DC current 

Power down current 

IccPS 


0.6 


mA 

DC current 

Shifter input 
L01 

Operating band 

fLOl 

100 


800 

MHz 


Input level 

Ploi 

-15 


0 

dBm 


Baseband 

input 

L02 

Operating band 

fee 

DC 


1 

MHz 


Input amplitude 

Vbb 



1.2 

Vpp 


Mixer input 
L02 

Operating band 

fioz 



1900 

MHz 


Input level 

Pl02 



-5 

dBm 


Mixer output 
RFout 

Operating band 

fRF 



2000 

MHz 

fRF » fLOl/2 + fL02 

Output level 

pRF 


-14 


dBm 


Q-MOD 
& Mixer 
direct 

connection, 
BB 1 Vpp 

Modulation 

precision 

Amplitude error 

Aerr 



2 

% 

RMS value 

Phase error 

Perr 



1 

deg. 

RMS value 

Vector error 

Verr 



3 

% 

RMS value 

Carrier suppression 

c$ 



-30 

dBc 

External offset, 
no offset adjustment 


Note; fLOl = 500MHz HOdBm), fL02 = 1650MHz (-lOdBm), fRF = 1900MHz output 
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PERIPHERAL CONNECTION EXAMPLE 
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FPT-20P-M03 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M03) 



-A-, 


(f rirtmim i) 


.230(5.85) 


REF 


*:TTiis dimension does not include resin protruction. 


.049 


+.008 

-.004 


f. 9e+0.20. 

(1.25_q .jq) 


(MOUNTING HEIGHT) 




^ I .004(0.10) I 


.213(5.40) NOM 




noft ■^•002 /« .. (-+0.05\ 
•006_ qq.j (0T5_q q2) 


Details of "A" part 



©1991 FUJITSU LIMITED F20012S-2C 


Dimensions in 
inches (millimeters) 
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- SECTIONS 

Semi-Custom BiCMOS LSI RF Integrated Circuits -yAf a Glance 


Fujitsu has an answer for those customers who wish to pursue a semi-custom solution tailored to their de¬ 
sign needs for high volume, cost and size critical applications. Fujitsu’s advanced Semi-Custom BiCMOS 
LSI RF 1C technology is an array-based methodology used to develop both custom devices and standard 
devices. This means that many of the standard parts in the SuperPLL and Super Analog product lines have 
equivalent macros already developed for implementation in a semi-custom solution. This provides a low 
risk integration path from discrete solutions using standard devices for prototyping or first generation de¬ 
signs to complete, highly integrated solutions. Please contact your nearest Fujitsu representative for further 
details and engagement requirements. 


Page 

Number 

Part 

Number 

Series 

Number 

Frame Number 

6-3 

MB1520 

1 

FRAME 1 

6-3 

MB1530 

I 

FRAME II 

6-3 

MB1540 

1 

FRAME ill 

6-3 

MB1550 

1 

FRAME IV 

6-31 

MB54500 

II 

FRAME 1 

6-45 

MB54600 

’ III 

FRAME ill 

6-59 

MB1560 

IV 

FRAME 1 
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~ .. datasheet : —: - 



MB1520/MB1530/MB1540/MB1550 SERIES 
Bi-CMOS LSI RF 1C SPECIFICATION 


ADVANCED SEMICUSTOM TECHNOLOGY OF 
SUPER PLL WITH RF SYSTEM ON LSI 

The Fujitsu MB1520/1530/1540/1550 series are semicustom LSI IC’s based on a 
master slice method. Super PLL (PLL and Prescaler) macros and high frequency 
analog macros, such as VCO’s. IF amplifiers , RF amplifiers and mixers can be 
realized on a single chip in accordance with customer requests. This is achieved by 
means of predefined blocks (Super PLL’s and analog macros) laid out on the 
respective frames in a number of different combinations. The performance of each 
block Is custom specified. 

The MB1520/1530/1540/1550 series makes it possible to compose single chip silicon 
front ends for mobile communication systems. Due to the design process used, 
development cycles and cost are greatly reduced over standard full custom LSI 
designs, resulting in lower system cost solutions and reduced time-to-market. 

Features 

• Super PLL’s as well as high frequency analog circuits, such as VCO’s, mixers, 
RF and IF amplifiers. 

• Four available frame sizes, offering various combinations of Super PLL’s and 
analog macros. 

• Choice of a wide variety of existing Super PLL’s and analog functions, as well as 
custom specifications of the same. 

• Choice of power supply voltages between 2.7V and 5.5V. (Minimum 2.0V with 
some restrictions available.) 

• Available high speed lock up circuit for digital mobile communications such as 
DECT, GSM, PDC, and so on. 

• A number of standard features, such as power saving modes, phase shifter 
circuit, analog switches, charge pumps, depending on the frame size. 

• Development cycle is typically 14 weeks. 

Application Examples 

• MB1520 series: BS tuner, car navigation systems 

• MB 1530 series: MCA wireless for business use, analog cordless phones 

• MB 1540 series: Analog cellular phones, trunked radios 

• MB1550 series: Digital cellular and digital cordless phones 



©1994 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 






MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


Bi-CMOS LSI RF 1C SERIES 

Master-slice methodology is that wafers of a particular frame are prefabricated as much as having finished diffusion processes, forming 
the basic elements, such as transistors, resistors and capacitors. The remaining contact and wiring process steps then determine and 
configure the function and value of each element according to cases. 

This series is based on a master-slice method for which predefined blocks are laid out. Four series, MB1520/1530/1540/1550 are avail¬ 
able in accordance with combinations of the predefined blocks. (Please refer to “Chip Layouf.) Table 1 shows representative blocks ani 
features of each series. 


Table 1. SERIES 


Series 

Name 

Prescaler 

PLL 

Analog 

Macro 

Operating 

Frequency 

(max.) 

Package 

SSOP 

QFP 

SQFP 

MB1520 

1 circuit 

1 circuit 

2 circuits 

2.4GHz 

20-pin 

- 

hbh 

MB1530 

2 circuits 

2 circuits 

4 circuits 

1.9GHz 

34-pin 

- 

{HU 


2 circuits 



2.4GHz 

- 

48-pin 

48-pin 

MB1550 

3 circuits* 

3 circuits 

8 circuits 

2.4GHz 

- 


64-pin 


“ 1 Prescaler or 90° phase shifter 
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MB1520 Series 
MB1530 Series 
l\/IB1540 Series 
MBISSO Series 


CHIP LAYOUT 



MB1530 Series 

2 Prescaler 
2PLL 

4 Analog Macros 







I\/IB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


CHIP LAYOUT (Continued) 


MB1540 Series 

2 Prescaler 
2PLL 

6 Analog Macros 



MB1550 Series 

2 Prescaler 
3PLL 

8 Analog Macros 
1 Prescaler or 
90° phase shifter 
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MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1S50 Series 


ABSOLUTE MAXIMUM RATINGS (Reference voltage is GND.) 


Parameter 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to+7.0 

V 

Input Voltage 

ViN 

-0.5 to Vcc +0.5 

V 

Output Voltage 

•out 

±10 

mA 

Ambient Temperature 

Tstg 

-50 to +125 



NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional operation should 
be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Reference voltage is GND) 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Power Supply Voltage 

Vcc 

2.7* 


5.5 

V 

GND 


0 


V 

Ambient Temperature 

Ta 

-40 


+85 



* The minimum operating voltage is at 2.0V, but some restriction may be required. 
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UB1530 Series 
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MACRO CELLS DESCRIPTIONS 

1. Super PLL (PLL and Prescaier) 



1.1 Functional Descriptions 

In designing “super PLL block*, some functions may be restricted depending on kind of series (MBl 520/1530/1540/1550). 
Availability of main functions is summarized in Table 2. 

1. Phase comparator 

Phase difference detection range is -2:i (pi) to +2n (pi). In order to minimize the dead zone area, the phase comparator is 
designed to deliver a minimum signal to the charge pump even when the phase difference is zero. Also, it is possible to choose 
the characteristics of the phase comparator to meet polarity of VCO. 

2. Counter (Reference Counter and Programmable Counter) 

Two types of counters are available for PLL1 and PLL2 of all series : programmable and fixed 

Regarding PLL3, one type of counter is available : Fixed 

3. Charge pump 

All charge pumps are based on bipolar technology. Their voltage levels at “H* depend on the power supply voltage chosen. It is 
possible to optimize charge pump characteristics individually according to customer needs. 

- High speed lock up circuit 

This circuit is an option to further increase the lock up time of the PLL. and is available for PLL1 and PLL2 (except PLL3). It 
will mainly be required in the new emerging digital communication standards. 

4. Prescaler 

Divide ratio can be chosen freely, so can two modulus type and fixed type. However, regarding PLL3, only fixed type is available 
and the divide ratio can be chosen from 1/2,1/4, and 1/8. 
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MB1530 Series 
MB1540 Series 
MB1550 Series 


Table 2. SUPER PLL FUNCTION TABLE 



Prescaler 

Programmable 

Counter 

Reference 

Counter 

High Speed 
Lock Up 
Function 

Power 

Save 

Mode 

MB1520 

PLL1 

T 

P/F 

P/F 

X 

X 

MB1530 

PLL1 

T 

P/F 

P/F* 

X 

X 

PLL2 

T 

P/F 

- 

- 

MB1540 

PLL1 

T 

P/F 

P/F 

X 

X 

PLL2 

T 

P/F 

P/F 

- 

X 

MB1550 

PLL1 

T 

P/F 

P/F 

X 

X 

PLL2 

T 

P/F 

P/F 

X 

X 

PLL3 

S 

F 

F 

- 

X 


NOTE: T: Two Modulus S: Single Modulus (1/2,1/4, or 1/8) P/F: Programmable or Fixed F: Fixed X: Available 
*: Common for PLL1 and 2 


5. Analog switch 

This switch is controlled by the LE signal. When LE is at “H”, the analog switch is closed (ON). In this mode, the charge pump 
output (Do) is fed in parallel to the pin BS. This decreases the time constant of the loop filter and reduces the charge pump load. 
The result is an increased lock up speed. 









MB1520 Series 
MB1530 Series 
MB1540 Series 
MBISSO Series 


6. Intermittent operation control circuit 

The intermittent operation reduces the power consumption by powering down or waking up parts of the PLL circuitry. All the 
transmission, the reception and IF block PLL may be controlled by this circuit. 

If a PLL is powered up uncontrolled, the resulting phase comparator output signal is unpredictable due to an undefined phase 
relation between the reference frequency (fn) and the comparison frequency (fp) and may in the worst case take longer time for 
lock up of the loop. 

To prevent this, the Intermittent operation control circuit forces a limited error signal output of the phase detector during power up, 
thus keeping the loop locked. 

The circuit can be controlled externally or internally, depending on customer requirements. If controlled externally, the circuit is 
activated by an external signal to the PS pin. If controlled internally, the intermittent control circuit follows the power state set by 
the analog cells. When the power supply for the analog cells is shut down, the stand by state is automatically selected. When the 
analog cells are supplied with power, the active state is selected. 

The charge pump output is in a high impedance state during stand by, so that the VCO control voltage is being clamped at the 
active state level. 

During the stand by state, the latches store the data which they hold at the time of power down. The shift register data, on the 
contrary, may be renewed during stand by. 

NOTE: Powering up for the digital blocks (Vccrd, Vcctd), (after they are disconnected) has to be done in stand by mode. 


Table 3. STANDARD STAND BY STATE OF PLL BLOCK 



Circuit State 

Active Mode 

Stand By Mode 

Rx 

Reception circuits 

X 

PD 

Oscillator circuit 

X 

X* 

Reference counter 

X 

- 

Tx 

Transmission circuits 

X 

PD 

Oscillator circuit 

X 

X 

Reference counter 

X 

- 

IF 

IF circuits 

X 

PD 

Oscillator circuit 

X 

X 

Reference counter i 

X 

- 


NOTE: X: Active state PD: Power down mode ~: Stop working 

*: Oscillator circuit can be stopped in accordance with PK’s PD signal. 



MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


7. Lock detector circuit 

LD output is selected by setting the “T* bit. (See 1.2 Serial data format.) 

When the phase difference is equal or higher than tw (see diagram below), LD goes into “L”. When the phase ‘ifference is tw or 
less and continues to be so for three cycles or more, the LD goes into “H". For example, in case of a 12.8MHz oscillator frequency 
tw, is 625ns to 1250ns. The relation between LD and PLL circuit is shown in Table 4. 



Table 4. RELATIONSHIP BETWEEN LD SIGNAL AND THE CIRCUIT STATE 


Operation Mode 

PLL circuit 

LD Output 

Stand-by 

Stand-by 

L 

Active 

Unlock 

L 

Lock 

H 



1.2 Serial Data Format 

The PLL operation is controlled by serial data inputs. The parameters of the serial data are shown below. The data input starts 
with the MSB bit. The data length may vary between 22 and 37 bits. The actual data format is being worked out with the customer. 


Table 5. SERIAL DATA FORMAT 


Name 

Function 

Typical Bit Number 

Control Bit (CNT bit) 

Selects direction of data transfer (Rx or Tx) 

1 to 2 

LD Select Bit (T bit) 

Selects the LD output 

1 to 2 

FC Bit (F bit) 

Switches phase of the comparator 

1 

Programmable Counter Bit (N bit) 

Sets programmable counter’s divide ratio 

11 

Swallow Counter Bit (A bit) 

Sets swallow counter’s divide ratio 

7 

Reference Counter Bit (R bit) 

Fixed 

Sets reference counter’s divide ratio 

1 to 2 

Programmable 

Sets reference counter’s divide ratio 

14 
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MB1530 Series 
MB1540 Series 
MB1550 Series 


1.3 Serial Data Input Timing 

Binary data is entered using the Data, Clock, and LE pins. The serial data separately controls the programmable reference 
divider as well as the programmable divider. 

Each data bit is shifted into the internal shift register at the rising edge of each clock pulse. When the LE pin is "H”, stored data is 
transferred from the shift register into the latch, chosen by the control bit. A schmitt trigger at each input improves noise immunity. 
NOTE: 1. One clock pulse always shifts one data bit into the shift register, even during stand by state. 

2. Input voltages (Data, Clock, and LE pins ) should always be lower than Vcc. 



6 
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2. Mixer, IF Amplifier 

Some basic examples for achievable circuits are shown below. However, concerning circuitry and performance, it is possible to configu 
each analog macro cell to customer requirements. 

2.1 Basic Construction 

Mixer circuit can either be of DBM (Doubled Balanced Mixer) or SBM (Single Balanced Mixer) type. LO and RF inputs can be 
connected with the internal bias circuit, if necessary. The mixer output is connected with its own power supply (Vmix) via a load 
resistor, then connected with the following IF amplifier. 

The IF amplifier consists of a differential amplifier and NPN transistor, which forms the emitter follower output. 

Basic Equivalent Circuit (1) 



Basic Equivalent Circuit (2) 
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3. RF Ampiifier 
3.1 Basic Construction 

The output signal from the common emitter circuit will be supplied though an emitter follower. 

Basic Equivalent Circuit 



Vamp 


RFout 


GND 


6 


4. VCO 

4.1 Basic Construction 

The VCO circuit consists of an output buffer transistor and an oscillation transistor, which construct a base grounded colpitts 
circuit. Resonator and varicap can’t be Integrated in the chip, so they need to be connected externally. 

Basic Equivalent Circuit 
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EXAMPLES OF AN ANALOG CIRCUIT’S BASIC CHARACTERISTICS 
VCO 


Parameter 

Value 

Unit 

Conditions 

Min. 

Typ. 

Max. 

Supply Voltage 

4.5 


5.5 

V 


Current Consumption 


6 


mA 


Operating Frequency 



400 

MHz 


C/N 


70 


dB 

Offset frequency = 25kHz, BW = 15kHz 

S/N 


50 


dB 


Output Power 


--5 


dBm 


Mod Sense 


3 


MHzA/ 



Mixer 


Parameter 

Value 

Unit 

Conditions 

Min. 

Typ. 

Max. 

Supply Voltage 

4.5 


5.5 

V 


Current Consumption 


6 


mA 


Gain 


13 


dB 


Maximum Output Power 


-5 


dBm 


1 dB Compresssion Point 


-10 


dBm 

Output level 

Intercept Point 


-16 


dBm 

Input level 

Noise Figure 


10 


dB 

DSB measurement 

RF-Lo Isolation 


20 


dB 



Amplifier 


Parameter 

Value 

Unit 

Conditions 

Min. 

Typ. 

Max. 

Supply Voltage 

4.5 


5.5 

V 


Current Consumption 


6 


mA 


Operating Frequency 


400 


MHz 


Gain 


20 


dB 

f = 400MHz (small signal input) 

Maximum Output Power 


-3 


dBm 

f = 400MHz 

1 dB Compresssion Point 


-10 


dBm 

f = 400MHz, Output level 

Intercept Point 


-19 


dBm 

f = 400MHz, 400.1 MHz, Input level 

Noise Figure 


3 


dB 

f = 400MHz 
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MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


MB1540 APPLICATION CIRCUIT EXAMPLE 
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MB1520 Series 
MB1530 Series 
MB1540 Series 
MB15S0 Series 


DEVELOPMENT PROCEDURE 
1. Study about product deveiopment 

(1) The customer submits technical and commercial requests to Fujitsu. Fujitsu reviews the customer requirements, if necessary 
simulation is done. 

(Technical request] 

Function: Functional descriptional material, I/O signal descriptional material, Block diagram, etc. 

Specifications: Prescaler, PLL, VCO, Mixer, Amplifier, etc. 

[Commercial request] 

Delivery and price: Development schedule, development assignment plan, demand. NRE, target price, etc. 

(2) Fujitsu submits a counter proposal. And the final target specification evolves from the discussions about proposai/counter 
proposals between the customer and Fujitsu. 

(3) Detailed circuit and test specifications are studied. Then all of the specifications are decided. After that development schedule, 
NRE, quotation are estimated formally. 

(4) After the customer and Fujitsu agree to develop the device, the final specification (data sheet) is submitted to the customer to 
confirm the specification. 
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MB1520 Series 
MB1530 Series 
MB1S40 Series 

_ MB1S50 Series 

2. Deveiopment of 1C 

(1) Design and layout of the chip starts. First engineering samples become available approximately 14 weeks after the final target 
data sheet is issued. 

(2) ES is evaluated by the customer and Fujitsu. 


(3) The final specification sheet of finished product is submitted to the customer from Fujitsu when the customer is satisfied with 
evaluation result. Then, preparation for mass production is started. Typically 3 months are necessary for the first shipment from 
when the final specification sheet (for finished products) is issued. 









MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


TARGET SPECIFICATION BLANK 
MB1520 Series 


Parameter 

Symbol 

Request Value 

Unit 

Note 

Min. 

lyp. 

Max. 

Power Supply Current 

ICCD 




mA 

Digital section 

ICCA 

mA 

Analog section 

Power Supply Voltage 

Vcco 




V 

Digital section (PLL, Prescaler) 

VcCA 

V 

Analog section (VCO) 

VCO 

Operating Frequency 
Range 

Vco 




MHz 


Output Power 

Pout 




dBm 


C/N Ratio 

C/N 




dB 

DetuninoAf : kHz 

Bandwidth: kHz 

S/N Ratio 

S/N 




dB 

Reference deviation: kHz/dev 

Bandwidth: kHz to kHz 

Mod Sense 

Afvco 




MHzA/ 

Control voltage V^^ to V 

RF-Amp 

Operating Frequency 
Range 

Ump 




MHz 


Gain 

Gain 




dB 


Noise Figure 

NF 




dB 


Intercept Point 

IP 3 




dBm 

Input level 

1 dB Compression Point 

CP 




dBm 

Output level 

In-out Isolation 

>so 




dB 
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MB1520 Series 
MB1530 Series 
MB1540 Series 

_ MB1550 Series 

MB1520 Series (Continued) 



6 


* If you have any questions, please fill in the above "Memo” column. 

Customer name: 

Application: 

ES request day: 

CS request day: 

Planning quantity: 
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MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


TARGET SPECIFICATION BLANK 
MB153Q/MB1540 Series 


Parameter 

Symbol 

Request Value 

Unit 

Note 

Min. 

lyp. 

Max. 

Power Supply Current 

ICCR 




mA 

Reception section 

•CCT 

mA 

Transmission section 

Power Supply Voltage 

VCCD 




V 

Digital section (PLL, Prescaler) 

VCCA 

V 

Analog section (VCO) 

TX-VCO 

Operating Frequency 
Range 

Wco 




MHz 


Output Power 

Pout 




dBm 


C/N Ratio 

C/N 




dB 

Detuning A f : kHz 

Bandwidth: kHz 

S/N Ratio 

S/N 




dB 

Reference deviation: kHz/dev 

Bandwidth: kHz to kHz 

Mod Sense 

Afvco 




MHz/V 

Control voltage VfC to V 

RX-VCO 

Operating Frequency 
Range 

Wco 




MHz 


Output Power 

Pout 




dBm 


C/N Ratio 

C/N 




dB 

Detunina A f : kHz 

Bandwidth: kHz 

S/N Ratio 

S/N 




dB 

Reference deviation: kHz/dev 

Bandwidth: kHz to kHz 

Mod Sense 

Afvco 




MHz/V 

Control voltage V-fC to V 

RF-Amp 

Operating Frequency 
Range 

Ump 




MHz 


Gain 

Gain 




dB 


Noise Figure 

NF 




dB 


Intercept Point 

1 P 3 




dBm 

Input level 

1 dB Compression 
Point 

CP 




dBm 

Output level 

In-out Isolation 

Iso 




dB 
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MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


MB1530/I\/IB1540 Series (Continued) 


Parameter 

.. 

Symbol 

Request Value 




Min. 

lyp. 

Max. 

unit 


Note 



^RF 




MHz 



Operating Frequency 

^LO 




MHz 




<IF 




MHz 

Output frequency 


Gain 

GAIN 




dB 


Mixer 

Noise Figure 

NF 




dB 

Measurement method; SSB or DSB 
measurement value 


Intercept Point 

IP3 




dBm 

Input level 


1 dB Compression 

Point 

CP 




dBm 

Output level 


LO-RF Isolation 

•so 




dB 



Oscillation Frequency 

bsc 




MHz 

Comparison frequency: fr = kHz 

PLL 

Lock-up Time 

'•’lr 




ms 

Reception 

Step frequency; 

Af = kHz 


Tlt 




ms 

Transmission 

Memo: 


* If you have any questions, please fill In the above “Memo" column. 


Customer name; 
Application; 

ES request day; 
CS request day; 
Planning quantity; 
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MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


PACKAGE DIMENSIONS 
MB1520 Series 


20-LEAD PLASTIC FLAT PACKAGE 






■230(5.S5) 


*:This dimension does not include 
resin protrusion. 

©1991 FUJITSU LIMITED F20012S-2C 


Details of *A" part 
.004±.004 

foiCHoioV - (STANDOFF 
(0.10±0.10) HEIGHT) 



Dimensions in 
inches (millimeters) 
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MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


PACKAGE DIMENSIONS (Continued) 
MB1530 Series 


34-LEAO PLASTIC FLAT PACKAGE 
(CASE No.; FPT-34P-M01) 























MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


PACKAGE DIMENSIONS (Continued) 

MB1540 Series 


48-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-48P-M05) 



©1991 FUJITSU LIMITED F48013S-2C 


Dimensions in 
inches (millimeters) 






MB1520 Series 
MB1530 Series 
MB1540 Series 
MB1550 Series 


PACKAGE DIMENSIONS (Continued) 
MBISSO Series 


64-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-64P-M03) 




Z7| .004(0.10) 


©1991 FUJITSU LIMITED F64009S-2C 


:o°to 


.059 


-.008 


(MOUNTING HEIGHT) 


. + 0.20 . 
^^•®°-o.io ) 


.429(11.00) 

NOM 


.295(7.50) 

REF 


.005 


-.002 

-.001 


Details of "A" part 
.004 ±.004 



( 0 . 1010 . 10 ) 

.020 ± .008 
(0.50 ± 0.20) 


(STAND OFF 
HEIGHT) 


Dimensions in 
inches (millimeters) 


All Rights Reserved. 

Circuit diagrams using Fujitsu products are included as a means of illustrating typical semiconductor applications. Information sufficient for construction 
purposes is not necessarily given. 

The information contained in this document has been carefully checked and is believed to be reliable. However, Fujitsu assumes no responsibility for 
inaccuracies. 

The Information contained in this document does not convey any license under the copyrights, patent rights or trademarks claimed and owned by Fujitsu. 
Fujitsu reserves the right to change products or specifications without notice. 

No part of this publication may be copied or reproduced in any form or by any means, or transferred to any third party without prior written consent of Fujitsu. 
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January 1994 
Edition 1.0 


DATA SHEET 


FUpSU 


MB54500 SERIES 
Bi-CMOS LSI RF 1C 


ADVANCED SEMICUSTOM TECHNOLOGY FOR 
RF SYSTEM INTEGRATION ON LSI 



This FUJITSU Series is a semicustom LSI 1C based on a master slice method, and 
is ideally suitable for high frequency analog circuits such as VCO, MB54500 series 
involves two analog macros, such as VCO's, IF amplifiers, RF amplifiers, and mixers 
can be realized on a single chip in accordance with customer requests. This is achieved 
by means of predefined blocks (analog macros) laid out on the frame. The perfor¬ 
mance of each block is custom specified. 

The MB54500 achieves low power dissipation by Fujitsu's advanced technology. Very 
small flat packages, smallest I/O 8-pin SSOP, are available for this LSI. 


FEATURES 

• High frequency analog circuits for front-end section, such as VCO’s, mixers, 
RF and IF amplifiers can be realized. 

• Choice of a wide variety of exsisting and analog functions, as well as custom 
specifications of the same. 

• Maximum operating frequency is at 2GHz. 

• Choice of power supply voltages between 2.7V and 5.5V. 

• Development cycle is typical 12 weeks. 

• Very samll package is available, SSOP 8-pin. 

• Power saving circuit can be involved. 


ABSOLUTE MAXIMUM RATINGS 

(Reference voltage level is GND.) 


Parameter 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

ViN 

-0.5 to Vcc+0,5 

V 

Output Current 

louT 

±10 

mA 

Ambient Temperature 

Tstg 

-50 to+125 

X 


NOTE: Permanent device damage may occur If the above Absolute Maximum Ratings are 
exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. 


Copyright© 1994 BY FUJITSU LIMITED 
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MB54500 Series 



Ground capadtor 
group 

(120pF max) 


Bias area 


Resistor 
array area 






















MB54500 SERIES 


MACRO CELLS DESCRIPTIONS 

l.High frequency analog cells 

1.1 Mixer 

Double balanced mixer of active type. 

1.2 IF amplifier 

IF amplifier consist of a differential amplifier and NPN transistor. Differential amplifier outpt is emitter follower type. 

1.3 RF amplifier 

Output signal of grounded emitter circuit is emitter foibwer output. RF input can be connected internal bias circuit. 

1.4 VCO 

The VCO consists of an output buffer’s transistor and an oscillatton’s transistor which constructs an oscillator circuit 
of basa grounded colpitts. Resonator, varicap and so on are connected externally. 


6 


Circuit design and so on can be optimized in accordance with customer needs. 


RECOMMENDED OPERATING CONDITIONS 


(Reference voltage level is GND.) 


. Parameter 

Symbot. 


Values 

Unit 


Min. 

lyp. 

Max. 

Power Supply Voltage 

Vcc 

2.7 


5.5 

V 


GND 


0 


V 

Ambient Temperature 

Ta 

-40 


+85 

°c 
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MB54500 SERIES 


ANALOG CIRCUITS BASIC CHARACTERISTICS EXAMPLE 

1.VCO 


Parameter 

Value 

Unit 

Conditions 

Min. 

TVp. 

Max. 

Supply Voltage 

4.5 


5.5 

V 


Current Consumption 


6 


mA 


Operating Frequency 



400 

MHz 


C/N 


70 


dB 

Offset frequency « 25kHz, BW » 15 kHz 

. S/N 


50 


dB 


Output Power 


-5 


dBm 


Mod Sense 


3 


mzN 



2.Mixer 


Parameter 

Value 

Unit 

.Conditions 

Min. 

TVp- 

Max. 

Supply Voltage 

4.5 


5.5 

V 


Current Consumption 


6 


mA 


Gain 


13 


dB 


Maximum Output Power 


-5 


dBm 


1 dB Compression Point 


-10 


dBm 

Output Level 

Intercept Point 


-16 


dBm 

Input Level 

Noise Figure 


10 


dB 


RF-Lo Isolation 


20 


dB 
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MB54500 SERIES 


BASIC EQUIVALENT CIRCUIT OF ANALOG CIRCUITS 

1.Mixer and IF amplifier 

The mixer is a DBM (Double-Balanced Mixer) of active type. LO and RF inputs can bo connected with internal 
bias circuit. The mixer output is connected with its own power supply (Vmix) via a load resistor, then connected 
with next IF amplifier. 

The IF amplifier consists of a differential amplifier and NPN transistors, and the differential amplifier's ouput Is 
output through an emitter follower. 



2.RF Amplifier 

Output signal from common emitter circuit is output through emitter follower. It is possible to connect RF input with 
internal bias circuit. 




] 

to BIAS 

i 

- ^ 


RFin 0 - 1 — 


» o RFout 

_J 

aj 

1- gnd 
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MB54500 SERIES 


3. VCO 

The VCO consists of an output buffer’s transistor and an oscillation’s transistor which constructs a base 
grounded colpitts circuit. Resonator, varicap and so on are connected externally. 








MB54500 SERIES 


DEVELOPMENT PROCEDURE 

1.Examination about product development 

(l)Examlnatlon about specifications, and development conditions. 

A customer submit target specifications of his idea to Fujitsu. Fujitsu reviews the specifications to judge technologi* 
cal feasibility, by means of simulation if necessay, and cost estimation. 

(Products Information] 

Functional Information : Functional descriptional material, I/O signal descriptional material, Block diagram, etc. 
Specificational information : Prescaler, PLL, VCO, Mixer, Amplifier, etc. 

[Development Information] 

Delivery related Information : Development schedule, development assignment plan, etc. 

Quotation related information : Demand, NRE, target price, etc. 

(2) Examination about product development 

Fujitsu and the customer examine go/no-go of the product develpment in together, based on result of the review. 

(3) Examination about product development 

Circuits’ functions and charateristics are examined in detail so that detailed specifications and test specifications 
are examined. After the specification is finalized, development schedule, NRE, formal quotation are done. 

(4) Confirmation of the final specification (data sheet) 

After the customer and Fujitsu agree to develop the device, the final specification (data sheet) is submitted to 
the customer to confirm the specifications. 
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MB54500 SERIES 


2.Deveiopment of 1C 

(1) 1C designing and manufacturing by way of trial 

Fujitsu designs the device and manufacture it by way of trial based on the final specifications. It takes about 1 2 
weeks (typ.) from when the final specification sheet is issued to when the first ES (Engineering Sample) are 
manufactured. 

(2) Evaluation of ES 

ES is evaluated by both the customer and Fujitsu based on the final specifications. 

(3) The final confirmation 

A specification sheet of finished product is submitted to the customer from Fujitsu when the customer 
satisfied with evaluation result, so that preparatfon for mass production is started by Fujitsu. Typically 3 months are 
necessary for the first shipment from when the specification sheet (for finished products) is issued. 
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APPLICATION CIRCUIT EXAMPLE 













MB54500 SERIES 













MB54500 SERIES 


PACKAGE DIMENSIONS (Continued) 


S-LEAO PLASTIC FLAT PACKAGE 
(CASE No.: FPT-8P-M03) 


^ .1381.004 

(3.5010.10) 

y y 



INDEX 

(/ 

rlf n.rr 

.1651.004 

(4.2010.10) 

-A- 




.205(5.20) 

NOM 


(MOUNTING HEIGHT) 
4^1 004(0.10)1 


,244±.008 

( 6 . 20 ± 0 . 20 ) 


.0315(0.80) 

TYP 


.014±.004 

(0.35±0.10) 


-^1 0.004(0.10)® 


^ Q^-.001 
' - 0.02 ’ 



.094(2.40)REF 



Details of "A” part 

(STANDOFF 
(0.1010.10) HEIGHT) 


.020±.008 

(0.5010.20) 


1993 FUJITSU LIMITED F08005S-1C 


Dimensions in 
inches (millimeters) 


6 






MB54500 SERIES 
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MB54500 SERIES 


PACKAGE DIMENSIONS (Continued) 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M05) 



*:Thjs dimension does not indude resin protruction. 
©1991 FUJITSU LIMITED F16013S-2C 


Dimensions in 
inches (millimeters) 






January 1994 
Edition 1,0 


FUJITSU 


DATA SHEET 


MB54600 SERIES 
Bi-CMOS LSI RF 1C _ 

ADVANCED SEMICUSTOM TECHNOLOGY FOR 
RF SYSTEM INTEGRATION ON LSI 


This FUJITSU Series is a semicustom LSI 1C based on a master slice method, and 
is ideally suitable for high frequency analog circuits such as VCO. 

MB54600 series involves one prescaler circuit and six analog macros, such as VCO's, 
IF amplifiers, RF amplifiers, and mixers can be realized on a single chip in accordance 
with customer requests. This is achieved by means of predefined blocks (prescaler 
macro and analog macros) laid out on the frame. The performance of each block is 
custom specified. 

The IV1B54600 Series achieves low power dissipation by Fujitsu's advanced techno¬ 
logy. Very small flat packages are available for this LSI. 


FEATURES 

• High frequency analog circuits for front-and section, such as VCO's, mixers, 
RF and IF amplifiers can be realized. 

• Choice of a wide variety of exsisting and analog functions, as well as custom 
specifications of the same. 

• Maximum operating frequency is at 2GHz. 

• Choice of power supply voltages; 

3V type :2.7V to 3.3V 

2V type :2.0V to 2.4V 

• Development cycle is typical 12 weeks. 

• Very samll package is available, SSOP 20-pin/34-pin. 

• Power saving circuit can be involved. 


ABSOLUTE MAXIMUM RATINGS 

(Reference voltage level is GND.) 


Parameter 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +5.0 

V 

Input Voltage 

ViN 

-0.5 to Vcc+0.5 

V 

Output Current 

loUT 

±10 

mA 

Ambient Temperature 

Tstg 

-50 to+125 



NOTE; Permanent device damage may occur if the above Absolute Maximum Ratings are 

exceeded. Functional operation should be restricted to the conditions as detailed in 
the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



This devic* contains circuitry to protect the inputs 
gainst darnage due to high static voltages or electric 
fields. However, it is advisM that normal precautions be 
taken to avoid application of any voltage higher than 
maximum rated voltages to this high impedance circuit. 


Copyright© 1994 BY FUJITSU LIMITED 
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MB54600 SERIES 


CHIP LAYOUT 


MBS4600 Series 


0 


Prescaler macro 


Analog macro 

Analog macro 

Analog macro 

Anabg macro 


0 

0 

0 

0 


Analog macro 

Analog macro 

Bias macro 

Bias macro 


0 


0 


Analog cell 


Capacitor 
array area 
(15pFx5) 


Resistor array area 


Resis- 

— 


Resis- 

tor 

Transistor 

Transistor 

tor 

array 

area 

array area 

array area 

array 

area 


Capacitor 
array area 
(3pFx4) 


Sub 

bias 

area 


Capacitor 
array area 


(2pFx4) 
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MB54600 SERIES 


MACRO CELLS DESCRIPTIONS 

I.High frequency analog cells 

1.1 Mixer 

Double balanced mixer of active type. 

1.2 IF amplifier 

IF amplifier consist of a differential amplifier and NPN transistor. Differential amplifier outpt is emitter follower type. 

1.3 RF amplifier 

Output signal of grounded emitter circuit is emitter follower output. RF input can be connected internal bias circuit. 

1.4 VCO 

The VCO consists of an output buffer's transistor and an oscillation’s transistor which constructs an oscillator circuit 
of base grounded colpitts. Resonator, varicap and so on are connected externally. 

Note; 

Circuit design and so on can be optimized in accordance with customer needs. 
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MBS4600 SERIES 


RECOMMENDED OPERATING CONDITIONS 

3V type (Referencd voltag© level is GND.) 


: Parameter 

Symbot . 

Values 

Unit 

Min. 

lyp. 

Max. ; 

Power Supply Voltage 

Vcc 

2.7 


3.3 

V 

GNO 


0 


V 

Ambient Temperature 

Ta 

-40 


+85 

OQ 


2V type (Reference voltage level is GNO.) 


Parameter 

Symbol 

ValiMs 

Unit 

. ; 

Min. 

lyp. 

Max. 

Power Supply Voltage 

Vcc 

2.0 


2.4 

V 

GND 


0 


V 

Ambient Temperature 

Ta 

-40 

! 

+85 
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MB54600 SERIES 


ANALOG CIRCUITS BASIC CHARACTERISTICS EXAMPLE 

1.VCO 


Paramoter 


Supply Voltage 


Output Power 


Mod Sense 


C^iidltrons 



2.Mixer 


Supply Voltage 


Current Consumption 


Operating 

Frequency 
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MB54600 SERIES 


3.Amplifier 


Parameter 

Value 

Unit 

Condflfone 

Mfn. 

TVP. 

Max. 

Supply Voltage 

2.7 

3.0 

3.3 

V 


Current Consumption 


7.5 


mA 


Operating Frequency 


900 


MHz 


Gain 


13 


dB 

f« 900MH2 (-^OdBm in) 

Maximum Output Power 


1 


dBm 

f - 900MHz 

IdB Compression Point 


-5 


dBm 

f - 900MHz, Output level 

Intercept Point 


-9 


dBm 

f - 900MHz. 900.1MHz. Input level 

Noise Figure 


2.5 


dB 

900MHz 


6-50 




MB54600 SERIES 


BASIC EQUIVALENT CIRCUIT OF ANALOG CIRCUITS 

1.Mixer and IF amplifier 

The mixer is a DBM (Double-Balanced Mixer) of active type. LO and RF inputs can be connected with internal 
bias circuit. The mixer output is connected with its own power supply (Vmix) via a toad resistor, then connected 
with next IF amplifier. 

The IF amplifier consists of a differential amplifier and NPN transistors, and the differential amplifier's ouput is 
output through an emitter follower. 



2.RF Amplifier 

Output signal from common emitter circuit is output through emitter follower, h is possible to connect RF input with 
internal bias circuit. 
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MB54600 SERIES 

3. VCO 

The VCO consists of an output buffer's transistor and an oscillation's transistor which constructs a base 
grounded colpitts circuit. Resonator, varicap and so on are connected externally. 






MB54600 SERIES 


DEVELOPMENT PROCEDURE 

1 .Examination about product development 

(1) Examination about specifications, and development conditions. 

A customer submit target specif ications of his idea to Fujitsu. Fujitsu reviews the specifications to judge technologi¬ 
cal feasibility, by means of simulation if necessay, and cost estimation. 

[Products Information] 

Functional Information : Functional descriptional material, I/O signal d6scriptiona[ material. Block diagram, etc. 
Specificational Information : Prescaler, PLL, VCO, Mixer, Amplifier, etc. 

(Development Information] 

Delivery related Information : Development schedule, development assignment plan, etc. 

Quotation related information : Demand, NRE, target price, etc. 

(2) Examination about product development 

Fujitsu and the customer examine go/no-go of the product develpment in together, based on result of the review. 

(3) Examination about product development 

Circuits’ functions and charateristics are examined in detail so that detailed specifications and test specifications 
are examined. After the specification is finalized, development schedule, NRE, formal quotatbn are done. 

{4)Confirmation of the final specification (data sheet) 

After the customer and Fujitsu agree to develop the device, the final specification (data sheet) is submitted to 
the customer to confirm the specifications. 
















MB54600 SERIES 


2.Developnnent of 1C 

(1) IC designing and manufacturing by way of trial 

Fujitsu designs the device and manufacture it by way of trial based on the final specifications. It takes about 12 
weeks (typ.) from when the final specification sheet is issued to when the first ES (Engineering Sample) are 
manufactured. 

(2) Evaluation of ES 

ES is evaluated by both the customer and Fujitsu based on the final specifications. 


(3)The final confirmation 

A specification sheet of finished product is submitted to the customer from Fujitsu when the customer 
satisfied with evaluation result, so that preparation for mass production is started by Fujitsu. Typically 3 months are 
necessaiy for the first shipment from when the specification sheet (for finished products) is issued. 


About 12 weeks 


About 3 months 
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MB54600 SERIES 








MB54600 SERIES 


PACKAGE DIMENSIONS 

20-LEAD PLASTIC FLAT PACKAGE 



©1991 FUJITSU LIMITED F20O12S-2C 


Dimensions in 
inches (millimeters) 






MB54600 SERIES 
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DS06-70104-1E 


DATA SHEET 


FUpSU 


MB1560 Semicustom (For PLL Frequency Synthesizers) 

Bi-CMOS LSI RF 1C Specification 


m DESCRIPTION 

This FUJITSU Series is a master-slice type semi-custom LSI ideal for use in high-frequency front-end circuits 
in VCO, amplifier, mixer and orthogonal modulator devices. 

The MB1560 series features an analog circuit unit that is a more highly integrated version of the MB1520 - 
MB1550 series featuring two analog cell circuits, plus a digital circuit unit with a power-saving prescaler circuit 
and a PLL1 circuit with pulse-swallow capability. 

The PLL, prescaler and high-frequency analog circuits can be designed to users' specifications using FUJITSU'S 
standard macro cell technology. 

This LSI series uses FUJITSU'S latest wafer process technology for power-saving operation and master-slice 
semi-custom design to reduce lead times and lower costs. In addition, the ultra-compact flat package helps 
maintain circuit confidentiality, and contributes to lighter, more compact design by reducing the number of com¬ 
ponents. 

The MB 1560 series is ideal for high-frequency applications, particularly mobile communication devices operat¬ 
ing on digital specifications such as PCN, DECT, PHS and so on. 

■ FEATURES 

• PLL circuits can be customized for operating frequency, logical circuits, etc. 

• High frequency analog circuits with adjustable resistance levels 

• High speed operating capacity to 3.0 GHz 

• On-chip low-current consumption and power-saving circuits 

• On-chip high-speed lockup function 

• Supply voltage: 2.7 V to 3.3 V (minimum operating voltage to 2.0 V min.) 

• Development time (standard): approx. 10 weeks 

■ LINEUP 


Series Prescaler PLL ! OP«ra«"g 

Series Prescaler PLL circuits ; frequency 

Package 

—.. 'T" . nemarKs 

SSOP QFP SQFP 

i 

MB 1560 1 circuit 1 circuit 2 circuits 3.0 GHz 

20 _ I _ single PLL 

34 frequency synthesizers 


Copyright© 1995 by FUJITSU LIMITED 
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■ PACKAGE 



■ CHIP LAYOUT 
• MB1560 Series 



□ □ □ □ □ □ 
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■ MACRO CELL DESCRIPTIONS 
1. Prescaler 

Divides the reference frequency by any given value and outputs the resulting frequency. Choice of two-modulus or 
fixed output mode. 


2. PLL 

• Phase comparator 

The phase comparator has a phase detection range of -2 n to +2 n, and is designed to eliminate blind spots in 
phase comparison by output of a margin-of-error signal to the charge pump even when the phase difference is 
zero. Phase comparator characteristics can also be tuned to the polarity of VCO. 

• Counters 

The divide ratios of the comparator-side counter and reference-side counter can be either programmable or fixed. 

• Charge pump 

The “H" level output voltage from the charge pump is determined by power supply voltage. Charge pump 
characteristics for the sending and receiving systems can be optimized for each specific application. 

For example, when FM modulation is applied directly to the VCO signal, charge pump characteristics can be 
adjusted for lower speeds in order to reduce the sensitivity of the synthesizer loop so that output does not track the 
modulation. 

• Analog switch 

When switching frequencies, the analog switch can be used to switch the capacitance of the low pass filter, to 
reduce the time constant in the filter and the load on the charge pump. This enables higher lock-up speed. 

Switch control is synchronous with the LE signal, to that the analog switch is on when the LE signal is “high". 

• High speed lock-up circuit 

This circuit is specially designed for faster lock-up speeds. 

• Intermittent operation control circuit 

This on-chip power-saving function reduces circuit current flow in standby status, enabling devices to operate with 
less power demand. A special circuit Is built in to prevent excessive error signal from Increasing lock-up delay 
during the transition from power-saving mode to operating mode. 

• List of standard macro cells 


Type 

Vcc 

j icc 

! 

Operating 

frequency 

Prescaler 
divide ratio 
(M) 

Comparator 
counter 
divide ratio 
(N) 

Swallow 
counter 
divide ratio 
(A) 

Reference 
counter 
divide ratio 

(R) 

PLL1 

3V 

I 4 mA 

1.1 GHz 

64/65 

1610 2047 

0 to 127 

8 to 16383 

PLL2 i 

_I 

I 6 mA ! 

2.0 GHz 


Crystal oscillator input frequency: Up to 32 MHz 
Standby mode current demand: 100 \iA 
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3. High Frequency Analog Cells 

• Mixer 

Active type double-balanced mixer 

• IF amplifier 

The IF amplifier is configured from a differential amplifier plus an NPN transistor using emitter-follower output from 
the differential amplifier. 

• RF amplifier 

Provides emitter-follower output of the output signal from the emitter-ground circuit. The RF input side can be 
connected to an internal bias circuit. 

• vco 

Configured from an oscillator transistor in a base-ground Colpitts type oscillator circuit, plus a transistor acting as 
output buffer. Can be connected to external devices such as varicap or resonator, 

• Orthogonal modulator 

An orthogonal modulator is used for IF frequency modulation. In addition, a flip-flop type 90° phase shift circuit can 
be included in the configuration. 

Note: Circuit format and other details can be adjusted to meet customer requirements. 


■ CIRCUIT OPERATING DESCRIPTIONS 
1. Intermittent Operation Control Circuit 

The Intermittent operation control circuit operates the LSI circuits during communication operations and at all other 
times places the chip In standby status to reduce power demand. 

(1) Circuit operation In operating mode 

All circuits are in operating status, and the chip performs normal PLL operations. 

(2) Circuit operation in standby mode 

All circuits that can be stopped without Interfering with operation are shut down, and the chip goes into low-power 
operating mode. 

Latch data: Saves immediately preceding data 

Shift register: Data input enabled 

Charge pump output: High impedance 

VCO input voltage: Saves voltage level stored in low-pass filter during the last operating mode 
<Caution> The digital system power supply must still be applied in standby mode. 


MB1560 


2. Phase Lock Detection Circuit 

To detect phase lock condition from the LD signal pin output, the T-bit should be selected. When the phase 
difference is greater than tw, the LD pin will output an L level signal, and when the difference is less than tw for 3 or 
more cycles, the output will change to H level. The length of the tw time Interval can be set In the range of 625 ns to 
1250 ns by connection to the crystal oscillator. 

• LD Signal operating status 


Operating status 

PLL circuit 

LD output 

Standby mode 

Standby 

H 

Operating mode 

Un-lock 

L 

Lock 

H 


3. High Speed Tuning Circuit 

The following high speed tuning circuits are available for use according to specific applications. 

• High speed tuning circuits for ASTRO MASTER IV 


Function 

Operation 

Optimum applications 

Analog switch 

Circuit temporarily reduces LPF time 
constant at lock-up. 

Analog portable phone 
devices (receiving system) 

Turbo circuits 

For broad-band steps, circuit forcibly 
switches charge pump on/off 

PHS devices 

Supercharger circuit j 

Circuit increases charge pump drive 
capacity 

PHS devices 

Hypercharger circuit j 

Circuit further enhances the drive 
capacity of the supercharger circuit 

! PDC.GSMetc. 
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■ SERIAL DATA 
1. Data Bit Configuration 

PLL operating settings are made through serial data input. The standard serial data format Is shown in the table 
below. Serial data is entered MSB-first, and the data length is in the range of 22 to 37 bits. 

• Standard format for serial data 


Bit name (abbreviation) 

Functional description 

Standard bit count 

Control bit (CNT bit) 

Selects transfer destination (sending or 
receiving system) 

1 to 2 

LD select bit (T-bit) 

Selects LD output 

1 to 2 

FC bit (F-bit) 

Switches the phase of phase comparator 

1 

Programmable counter bit (N-bit) 

Sets the programmable counter’s divide 
ratio 

^ 11 

Swallow counter bit (A-bit) 

Sets the swallow counter’s divide ratio 

7 

Reference counter bit 
(R-bit) 

Fixed 

Sets the reference counter’s divide ratio 

1 to 2 

Programmable 

14 


2. Serial Data Input Timing 

After the serial data is stored in the shift register, it can be transferred to the latch circuit by means of the LE signal. 


<=> Seriafdata*’ (MSB)^ 

O 

]/ V/CNT 

\ yA^B) 

Clock signal 

n 

. ^ 


c= LE 


! i : n 

— 

1 t2« 

i i : i i 

: : : i 


*1: Serial data is input, MSB-first. 

*2: 100 ns <ti, t4 300ns<t3 800ns<t5 1000ns<t2 


Notes: • Data input utilizes the serial data, clock and LE signals at supply voltage or lower levels 

• Shift register data is updated sequentially each time the clock signal is input. Data is synchronized 
with the rising edge of the clock signal, and is read sequentially into the shift register, MSB-first. 

• After LSB input, the LE signal is changed from L level to H level. 

• Shift register data is transferred to the latch circuit while the LE signal is at H level. 

• Each input signal pin has a Schmitt trigger circuit to protect against abnormal operation due to 
noise. 


6 
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■ ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Rating 

Unit 

Min. 

Max. 

Supply voltage* 

Vcc 

-0.5 

+4.0 

V 

Input voltage* 

ViN 

-0.5 

Vcc + 0.5 

V 

Output current 

lOUT 

-10 

10 

mA 

Storage temperature 

Tstg 

-55 

+125 

°C 


*: Voltage values are based on GND = 0 V. 

Note: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


■ RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Supply voltage* 1 

Vcc 

2.7*2 

— 

3.3 

V 

GND 

— 

0 

— 

V 

Operating temperature 

Ta 

-40 

— 

+85 



*1: Voltage values are based on GND = 0 V 

*2: Operation is assured to the minimum operating voltage level of 2.0 V min. 
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■ ANALOG CIRCUIT CHARACTERISTICS 


Circuit 

Parameter 

Conditions 

Value (typ.) 

Unit 


Supply voltage 

— 

3.0 

V 


Current demand 

— 

11 

mA 


I Operating frequency 

— 

900 

MHz 

vco 

! C/N ratio 

Offset frequency = 25 kHz, Band 

Width-16 kHz 

77 

dB 


S/N ratio 

BW = 0.3 to 3 kHz, 3 kHz/Dev 

44 

dB 


Output power 

— 

-2 

dBm 


Mod Sense 

— 

6 

MHzA/ 


Supply voltage 

— 

3.0 

V 


Current demand 

— 

12 

mA 


Operating 

frequency 

IF 

— 

800 

MHz 


LO 

Plo = -10 dBm 

110 

MHz 

Mixer 

RF 

fPF - flO + fiF 

910 

MHz 

Conversion gain 

— 

6 

dB 


Maximum output power 

— 

-11 

dBm 


1 dB compression point 

Output level 

-15 

dBm 


Intercept point 

Input level 

-8 

dBm 


NF 

DSB measurement 

12 

dB 


Supply voltage 

— 

3.0 

V 


Current demand 

— 

6 

mA 


Operating frequency 

— 

900 

MHz 

Amplifier | 

Gain 

f = 900 MHz (-30 dBm in) 

14 

dB 

Maximum output power 

f = 900 MHz 

-3 

dBm 

1 

1 dB compression point 

f - 900 MHz, output level 

-8 

dBm 

1 

Intercept point 

f - 900 MHz, 900.1 MHz, input level 

-12 

dBm 

1 

NF 

I 

f = 900 MHz 

2.2 

dB 


(Continued) 
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(Continued) 


Circuit 

Parameter 

Conditions 

Value (typ.) 

Unit 


Supply voltage 

— 

3.0 

V 


Current demand 

______________ 

— 

25 

mA 


Operating 

frequency 

L01 

Ploi = -5 dBm 

500 

MHz 


L02 

Plo 2 = -6 dBm 

1650 

MHz 


RF 

fRF = fL02 + fLOl/2 

1900 

MHz 

Orthogonal 

modulator 

Output level 


I -14 

dBm 

Modulator 

precision 

Amplitude 

deviation 

RMS Magnitude Error ' 

i 

1.9 

I 

- % 


Phase 

deviation 

RMS Phase Error 

0.9 

! 

deg. 



Vector error 

RMS Vector Error 

2.4 

% 

_1 

Carrier leak 

— 

-31 

dBc 
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■ ANALOG SYSTEM: BASIC EQUIVALENT CIRCUITS 
1. Mixer, IF Amplifier 

The MB1560 series features an active-type double-balanced mixer. The LO and RF output can l i connected to an 
internal bias circuit. The mixer output is connected through on-chip load resistor to the ch.^ s power supply, and 
then to the next-stage IF amplifier. The IF amplifier is configured from a differential amplifier and NPN transistor, 
and provides emitter-follower differential amplifier output. 



6 
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2. RF Amplifier 

The emitter-ground circuit output signal is output as an emitter-follower signal. The RF input can be grounded to an 
internal bias circuit. 



3. VCO Amplifier 

The VCO amplifier is configured from an oscillator transistor in a base-ground Colpitts type oscillator circuit, plus a 
transistor acting as output buffer. The VCO amplifier can be connected to external devices such as varicap or 
resonator. 
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■ DEVELOPMENT PROCESSES 

Each product In the MB1560 Series is developed through the following processes, based on requirement and 
specifications supplied by the customer. 


1. Feasibility Study 

(1) Product specifications and development process study 

FUJITSU conducts simulations based on documentation provided by the customer, in order to evaluate the 
technical and economic feasibility of each proposed design. 

Product Documentation 

Technical documentation: Functional descriptions, I/O signal descriptions, block diagrams. 

Characteristics documentation: For prescalers, PLL, VCO, mixers, amplifiers, etc. 

Development Documentation 

Delivery schedule documentation: Development schedule, division of responsibilities, etc. 

Cost estimates: Volume requirements, development costs, target prices 

(2) Product feasibility evaluation 

Based on the foregoing studies, FUJITSU and the customer meet to evaluate feasibility. 

(3) Development of planned specifications 

Circuit functions and characteristics are studied in detail, and circuit specifications and testing specifications are 
developed. After specifications have been determined, final estimates of the development schedule, timing and 
cost, and the product price can be produced. 

(4) Approval of provisional delivery specifications 

After FUJITSU and the customer have determined the feasibility of product development, a provisional delivery 
schedule is agreed upon. 


Customer 


e Product specifications, conditions 
for estimation 


No good 


_ i. 

Detailed product documentation 


FUJITSU 
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2. LSI Development 

(1) LSI design, prototype development 

Based on the provisional delivery specifications agreed by the customer and FUJITSU, chip design and prototype 
work begins. The standard time required for an ES prototype is approximately 10 weeks from the approval of 
provisional delivery specifications. 

(2) ES (engineering sample) evaluation 

Both the customer and FUJITSU evaluate the ES prototype based on the provisional delivery specifications. 

(3) Final approval 

If there are no problems with the evaluation, FUJITSU and the customer agree on final delivery specifications and 
end development, moving to the mass production stage. The standard lead time for delivery of mass production 
products is approximately three months. 


1 


Customer 


FUJITSU 


Approximately 10 weeks 


Approximately 3 months 



I 


I 


I 



6-73 










MB1560 


■ ORDERING INFORMATION 


Part number 

Package 

Remarks 

MB156XPFV 

20 pin Plastic SSOP 
{FPT-20P-M03) 


MB156XPFV 

I 

34 pin Plastic SSOP 
(FPT-34P-M03) 
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(Continued) 


34 pin Plastic SSOP 
(FPT-34P-M03) 


♦ : This dimension does not include resin protraction. 





(.049 


,..ooei 

1-004/ 

Ol0.10(.004)l 


7.10(.280) 

NOM 


V V 


O.l5-o!o; 


^rrmmnjTnrnfTO^ 


(.006-.wf) 


I Details of "A” part 


10.40(.409)REF 



0.10A0.l0(.004t.0O4) 


(STAND OFF) 


I_ 


0.50*0.20 

(.020±.008) 


© 1994 FUJITSU LIMITED F34003S-1C-2 


Dimensions in mm (inches) 
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- SECTION? 

F5CC (L2) Series SAW Filters -At a Glance 


The F5CC (L2) product family is based upon Fujitsu’s advanced LiTa03 technology which provides very 
sharp roll-off characteristics and excellent temperature stability, with the addition of a 50 Q impedance 
matching network Integrated Into the filter. This is a very popular and cost effective feature, as it reduces the 
number of external components. In addition to its superior performance compared to other technologies, 
the F5CC series comes in a smaller 3.8 x 3.8 mm surface mount package for those size and weight sensitive 
applications. 

See Page 7-7 . (* New devices - Data not included in this edition.) 


Part Number 

Standard 

Use 

Center 

Frequency 

(MHz) 

Passband 

Width 

(MHz) 

Comment 

FAR-F5CC-836M50-L2AA 

AMPS/ 

tS-136/IS-95 

Tx 

836.5 

25 


FAR-F5CC-836M50-L2AZ 

AMPS/ 

IS-13e/IS-95 

Tx 

836.5 

25 

High stopband 
attenuation 

FAR-F5C0881M50->L2AB 

AMPS/ 

IS-136/IS-95 

Rx 

881.5 

25 


FAR-F5CC-881M50-L2AY 

AMPS/ 

IS—136/IS—95 

Rx 

881.5 

25 

High stopband 
attenuation 

FAR-F5CC-933M50-L2BA 

NTT 

Tx 

933.5 

17 


FAR-F5CC-878M50-L2BB 

NTT 

Rx 

878.5 

17 


FAR-F5CC-888M50-L2CA 

ETACS 

Tx 

888.5 

33 



ETACS 

Rx 

933.5 

33 


FAR-F5CC-911M50-L2DA 

NTACS 

Tx 

911.5 

27 


FAR-F5CC-856M50-L2DB 

NTACS 

Rx 

856.5 

27 


FAR-F5CC-902M50-L2EA 

NMT/GSM 

Tx 

902.5 

25 



NMT/GSM 

Tx 

902.5 

25 

High stopband 
attenuation 

FAR-F5CC-947M50-L2EB 

NMT/GSM 

Rx 

947.5 

25 


FAR-F5CC-947M50-L2EY 

FAR'-F5CC-947M50-I_2EX* 

NMT/GSM 

Rx 

947.5 

25 

High stopband 
attenuation 

FAR-F5CC-897M50-L2KA* 

E-GSM 

Tx 

897.5 

35 




Rx 

942.5 

35 




Rx 


35 

High stopband 
attenuation 

FAR-F5CC-950M0O-L2FA 

PDC 

Tx 

950.0 

20 


FAR>-F5CC-820M0O-L2FB 

PDC 

Rx 

820.0 

20 




Tx/Rx 

915.0 

26 


FAR-F5CC-915M00-L2JZ* 

900 MHz ISM 



26 

High stopband 
attenuation 

FAR-F5CC-935MOO-L2LA* 

2-Way Pager 

Tx/Rx 

915.0 

12 





























- SECTION? 

F5CB Series SAW Filters -At a Glance 


The F5CB series of LiTaOa SAW Filters were Fujitsu’s initial entry into the high performance SAW Filter 
market covering many of the major cellular standards under 1 GHz. The F5CB series requires external 50 Q 
impedance matching and are supplied in 5 x 5 mm surface mount packages. 

See Page 7-37 . 


Part Number 

Standard 

Use 

Center 

Frequency 

(MHz) 

Passband 

Width 

(MHz) 

Comment 

FAR-F5CB-836M50-G201 

AMPS/ 

IS-'136/IS-95 

Tx 

836.5 

25 


FAR-F5CB-881M50-G201 

AMPS/ 

IS-136/1S-95 

Rx 

881.5 

25 


FAR-F5CB-881M50-G211 

AMPS/ 

IS-136/IS-95 

Rx 

881.5 

25 

High stopband 
attenuation 

FAR-F5CB-888M50-G201 

ETACS 

T* 

888.5 

33 


FAR-F5CB~933M5(M3202 

ETACS 

Rx 

933.5 

33 



ETACS , 

Rx 

933.5 

33 

High stopband 
attenuation 

FAR>F5CB-902M50-G201 

NMT/GSM 

Tx i 

902.5 

25 


FAR-F5Ca-947M50-G201 

NMT/GSM 

Rx 

947.5 

25 


FAR-F5CB-947M50-G211 

NMT/GSM 

Rx 

947.5 

25 

High stopband 
attenuation 

FAR-F5CB-911M50-G201 

NTACS 

Tx 

911.5 

27 


FAR-F5CB-933M50-G201 

NTT 

Tx 

933.5 

17 


FAR-F5CB-878M5a-G201 

NTT 

Rx 

878.5 

17 
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- SECTION? 

F6Cx (L2) Series SAW Filters -At a Glance 


The F6Cx series is similar to the F5CC series in that both have the 50 Q impedance matching integrated 
onto the filter. The F6Cx series of SAW Filters is targeted for applications between 1 GHz and 2.5 GHz. 
Presently available products support Japan’s Personal Digital Cellular (PDC) standard (the F6CC series) 
and Fujitsu has recently added several new standard devices (the F6CE series) to this product line to meet 
the needs of the emerging PCS standards in the 1 .S GHz to 2 GHz range and of Wireless LAN applications in 
the 2.4 GHz ISM Band in the US. The F6CC products are available in 3.8 x 3.8 mm surface mount packages 
and the F6CE products are housed in very small 3x3 mm surface mount packages to meet the demands of 
future communication handsets for small size and light weight. 


See Page 7-65 


Part Number 

Standard 

Use 

Center 

Frequency 

(MHz) 

Passband 

Width 

(MHz) 

Comment 

FAR-F6CC-1G4410-L2ZA 

PDC 1.5 GHz 

Tx 

1441.0 

24 

3.8 X 3.8 mm 

FAR-F6CC-1G4890-L2ZB 

PDC 1.5 GHz 

Rx 

1489.0 

24 

3.8 X 3.8 mm 

FAR-F6CC-1G6190-L2ZN 

PDC 1.5 GHz 

Lo 


24 

3.8 X 3.8 mm 

FAR-F6CE-1G7475-L2YA 

DCS 1800 

Tx 


75 

3x3 mm 

FAR-F6CE-1G8425-L2YB 

DCS 1800 

Rx 


75 

3 X 3 mm 

FAR-F6CE-1G8800-L2XA 

PCS (US) 

Tx 


60 


FAR-F6CE-1G9600-L2XB 

PCS (US) 

Rx 

1960.0 

60 

3x3 mm 

FAR-F6CE-2G4500-L2WA 

WLAN (US) 


2450.0 

100 

3x3 mm 











- SECTION 7 

M2, M3 Series (Resonators, Modulators, VCOs) -At a Glance 

The M2 and M3 Series of devices are exclusively distributed and supported by 
PAL-TECH Electronics, Inc. Please contact PAL-TECH with any inquiries re¬ 
garding these products at: 


PAL-TECH Electronics, Inc. 
510 N. First Street, Suite 208 
San Jose, CA 95112 
Phone: (408) 293-2290 
Fax: (408) 293-2291 


Page 

Part 

Number 

Number 

7-87 

M2 Series (0100) 

7-95 

M2 Series (0300) 

7-105 

M3 Series (0001) 

7-109 

M3 Series (0101) 
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DS04-2310-3aE 


DATA SHEET 


F5 SERIES (L2 Type) ASSP 
PIEZOELECTRIC SAWBPF 


Fufrsu 


SAW BANDPASS FILTER (700 to 1000 MHz) 


DESCRIPTION 


F5 series are wideband bandpass filters for use in the ZOOMHz to 1000MHz of frequency range. 

F5 series uses a single lithium tantalate piezoelectric crystal (LITaOa) that has large electromechanical coupling 
coefficient. This provides wide bandwidths and exceptional stability. 

Our exclusive mounting technology makes F5 series very compact and surface mountable. 

The F5 series is most suitable for use in handheld phones of both analog and digital systems. 

FEATURES PACKAGE 

• Ultra compact and light (0.02 cc, 0.1 g) 

• Outside matching circuit is unnecessary. 

• Surface mount package (SMT) 

• Wide variety of bandwidths for worldwide system 
(AMPS, ADC, ETACS. NMT, GSM, NTT, NTACS, PDC) 

• Low insertion loss 

• High power rating : 0.2 W garanteed 



Copyright©1994 by FUJITSU LIMITED 
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F5 SERIES (L2 Type) 


PIN ASS GNMENT 


(Bottom view) 

© @ @ 


© © @ 


Pin No. 

i 


Pin name 
GND 


Description 
Ground Pin 


2 

IN 

Input Pin 

3 

GND 

Ground Pin 

4 

GND 

Ground Pin 

5 

OUT 

Output Pin 

6 

GND 

Ground Pin 


MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Operating temperature 

Ta 

-30 to+70 *1 

Storage temperature 

Tstg 

-40 to+100 

Maximum input level 

Pin 

+200 

Frequency range | 

- 

700 to 1000 


1 This IS also the Recommended Operating Conditions. 



































STANDARD FREQUENCIES 
STANDARD VERSION 


F5 SERIES (l^iype) 


Center frequency 
(MHz) 

Bandwidths 

(MHz) 

System 

Part Symbol 

Part number 

836.5 

25 

AMPS/ADC (Tx) 

AA 

FAR-F5CC-836M50-L2AA 

881.5 

25 

AMPS/ADC (Rx) 

AB 

FAR-F5CC-881M50-L2AB 

933.5 

17 

NTT (Tx) 

BA 

FAR-FSCC-OSOMSO-LaBA 

878.5 

17 

NTT (Rx) 

BB 

FAR~F5CC-878M5(>~L2BB 

888.5 

33 

ETACS (Tx) 

CA 

FAR-F5CC-888M50-L2CA 

933.5 

33 

ETACS (Rx) 

CB 

FAR-F5CO-933M50~L2CB 

911.5 

27 

NTACS (Tx) 

DA 

FAR~F5CC-911 M50-L2DA 

856.5 

27 

NTACS (Rx) 

DB 

FAR-F5CC-856M50-L2DB 

902.5 

25 

NMT/GSM (Tx) 

EA 

FAR-F5CC-902M50-L2EA 

947.5 

25 

NMT/GSM (Rx) 

EB 

FAR-F5CC-947M5(>-L2EB 

950.0 

20 

PDC (Tx) 

FA 

FAR-F5CC-950M00-L2FA 

820.0 

20 

PDC (Rx) 

FB 

FAR-F5CO-820M00-L2FB 


HIGH ATTENUATION VERSION 


Center frequency 
(MHz) 

Bandwidths 

(MHz) 

System 

Part Symbol 

Part number 

836.5 

25 

AMPS/ADC (Tx) 

AZ 

FAR-F5CC-836M50-L2AZ 

881.5 

25 

AMPS/ADC (Rx) 

AY 

FAR-F5CC-881 M50~L2AY 

902.5 

25 

NMT/GSM (Tx) 

EZ 

FAR-F5CC-902M50-L2EZ 

947.5 

25 

NMT/GSM (Rx) 

EY 

FAR-F5CC-947M50-L2EY 






















































































F5 SERIES (L2TVpe) 


ELECTRICAL CHARACTERISTICS (STANDARD VERSION) 


1. AMPS / ADC system (Tx) Part number: FAR-F5CC-836M50-L2AA 

____ (Ta =-30 to 70°C) 


item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

lyp. 

Max. 

Insertion loss 

IL 

824 to 849 MHz 

- 

2.0 

3.5 

dB 


In-band ripple 

- 

824 to 849 MHz 

- 

0.6 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

- 

- 

- 

- 

dB 


- 

869 to 894 MHz 

20 

27 

- 

dB 



- 

- 

- 

- 

dB 


In-band VSWR 

- 

824 to 849 MHz 

- 

1.8 

2.0 

- 



2. AMPS / ADC system (Rx) Part number: FAR-F5CC-881M50-L2AB 

____ (Ta = -30to70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

insertion loss 

IL 

869 to 894 MHz 

- 

2.5 

3.5 

dB 


In-band ripple 

- 

869 to 894 MHz 

- 

0.6 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

DC to 824 MHz 

20 

23 

- 

dB 


- 

824 to 849 MHz 

20 

28 

- 

dB 


- 

914 to 939 MHz 

20 

27 

- 

dB 


- 

939 to 1049 MHz 

25 

28 

- 

dB 


- 

1049 to 2000 MHz 

20 

21 

- 

dB 


In-band VSWR 

- 

869 to 894 MHz 

- 

1.8 

2.0 

- 
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F5 SERIES (L2 Type) 


ELECTRICAL CHARACTERISTICS (STANDARD VERSION) 

3. ETACS system (Tx) Part number: FAR-F5CC^88M50-L2CA 


(Ta = ~30 to70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

lyp. 

Max. 

Insertion loss 

IL 

872 to 905 MHz 

- 

3.0 

5.0 

dB 


In-band ripple 

- 

872 to 905 MHz 

- 

1.5 

- 

dB 


Absolute 

stopband 

attenuation 

- 

- 

- 

- 

- 

dB 


- 

917 to 950 MHz 

10 

15 

- 

dB 


- 

- 

- 

- 

- 

dB 


In-band VSWR 

- 

872 to 905 MHz 

- 

2.1 

2.5 

- 



4. ETACS system (Rx) Part number : FAR-F5CC-933M50-L2CB 

_ (Ta = -30 to 70*^0 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

917 to 950 MHz 

- 

3.5 

5.5 

dB 


In-band ripple 

- 

917 to 950 MHz 

- 

2.0 

- 

dB 


Absolute 

stopband 

attenuation 

- 

DC to 872 MHz 

20 

32 

- 

dB 


- 

872 to 900 MHz 

25 

32 

- 

dB 


- 

900 to 905 MHz 

10 

15 

- 

dB 


- 

1007 to 1040 MHz 

30 

38 

- 

dB 


- 

1040 to 2000 MHz 

20 

26 

- 

dB 


In-band VSWR 

- 

917 to 950 MHz 

- 

2.0 

2.5 

- 
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F5 SERIES (L2 Type) 


ELECTRICAL CHARACTERISTICS (STANDARD VERSION) 

7. NMT / GSM system (Tx) Part number: FAR-F5CO-902M50-L2EA 


(Ta = -30 to 70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

890 to 915 MHz 


2.0 

3.5 

dB 


In-band ripple 

- 

890 to 915 MHz 

- 

0.6 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

- 

- 

- 

- 

dB 


- 

835 to 960 MHz 

20 

27 

- 

dB 


- 

- 

- 

- 

- 

dB 


In-band VSWR 

- 

890 to 915 MHz 

- 

1.8 

2.0 

- 



8. NMT / GSM system (Rx) Part number : FAR~F5CC-947M50-L2EB 

_____ (Ta = ~30to70°C) 


item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

935 to 960 MHz 

- 

2.5 

3.5 

dB 


In-band ripple 

- 

935 to 960 MHz 

- 

0.6 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

DC to 800 MHz 

20 

25 

- 

dB 


- 

890 to 915 MHz 

20 

28 

- 

dB 


- 

980 to 1025 MHz 

15 

28 

- 

dB 


- 

1025 to 1070 MHz 

35 

40 

- 

dB 


- 

1070 to 1105 MHz 

30 

35 

- 

dB 


- 

1105 to 1600 MHz 

20 

25 

- 

dB 


- 

1600 to 2000 MHz 

15 

20 

- 

dB 


In-band VSWR 

- 

935 to 960 MHz 

- 

1.9 

2.5 

- 
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F5 SERIES (L2 type) 


ELECTRICAL CHARACTERISTICS (STANDARD VERSION) 


9. PDC system (Tx) Part number: FAR-F5CC-950M00-L2FA 

____ (Ta rr:-30 to 70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Bemarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

940 to 960 MHz 

- 

2.0 

3.0 

dB 


In-band ripple 

- 

940 to 960 MHz 

- 

0.6 

1.5 

dB 


Absolute 

stopband 

attenuation 

- 


- 

- 

- 

dB 


- 

810 to 830 MHz 

20 

25 


dB 


- 

- 

- 

- 

- 

dB 


In-band VSWR 

- 

940 to 960 MHz 

- 

1.8 

2.0 

- 



10. PDC system (Rx) Part number: FAR-FSCC-820M00-L2FB 

_(Ta = -30to70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

lyp. 

Max. 

Insertion loss 

IL 

810 to 830 MHz 

- 

3.0 

4.0 

dB 


In-band ripple 

- 

810 to 830 MHz 

- 

0.5 

1.5 

dB 


Absolute 

stopband 

attenuation 

- 

DC to 740 MHz 

20 

25 


dB 


- 

940 to 960 MHz 

25 

28 

- 

dB 


- 

1040 to 1060 MHz 

25 

30 

- 

dB 


- 

1060 to 2000 MHz 

20 

26 

- 

dB 


In-band VSWR 


810 to 830 MHz 

- 

1.8 

2.0 

- 
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F5 SERIES (L2Type) 


ELECTRICAL CHARACTERISTICS (HIGH ATTENUATION VERSION) 


11. AMPS / ADC system (Tx) Part number: FAR-F5CC-836M50-L2AZ 

_ (Ta = -30 to 70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

824 to 849 MHz 

- 

3.0 

4.0 

dB 


In-band ripple 

- 

824 to 849 MHz 

- 

1.0 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

D.C. to 800MHz 

25 

28 

- 

dB 


- 

869 to 894 MHz 

30 

40 

- 

dB 


- 

894to 1049 MHz 

30 

35 

- 

dB 


- 

1049 to 2000 MHz 

20 

26 

- 

dB 


In-band VSWR 

- 

824 to 849 MHz 

- 

2.0 

2.5 

- 



12. AMPS / ADC system (Rx) Part number: FAR-F5CC-881M50-L2AY 

____ (Ta = ~30 to 70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

869 to 894 MHz 

- 

2.8 

4.0 

dB 


In-band ripple 

- 

869 to 894 MHz 

- 

1.0 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

DC to 779 MHz 

25 

31 


dB 


- 

779 to 804 MHz 

35 

40 

- 

dB 


- 

804 to 824 MHz 

25 

31 

- 

dB 


- 

824 to 849 MHz 

20 

31 

- 

dB 


- 

914 to 939 MHz 

20 

30 

- 

dB 


- 

939 to 1049 MHz 

35 

40 

- 

dB 


- 

1049 to 2000 MHz 

20 

26 

- 

dB 


In-band VSWR 

- 

869 to 894 MHz 

- 

2.0 

2.5 

- 




7-15 















































F5 SERIES (L21Vpe) 


ELECTRICAL CHARACTERISTICS (STANDARD VERSION) 

1. AMPS / ADC system (Tx) Part number: FAR-F5CC-836M50-L2AA 


(Ta = ^0to70°C) 


Item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

lyp. 

Max. 

Insertion loss 

IL 

824 to 849 MHz 

- 

2.0 

3.5 

dB 


In-band ripple 

- 

824 to 849 MHz 

- 

0.6 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

- 

- 

- 

- 

dB 


- 

869 to 894 MHz 

20 

27 

- 

dB 


- 

- 

- 

- 

- 

dB 


In-band VSWR 

- 

824 to 849 MHz 

- 

1.8 

2.0 

- 



2. AMPS / ADC system (Rx) Part number: FAR-F5CC-881M50-L2AB 

_(Ta = -30to70°C) 


item 

Symbol 

Conditions 

Rating 

Unit 

Remarks 

Min. 

lyp. 

Max. 

Insertion loss 

IL 

869 to 894 MHz 

- 

2.5 

3.5 

dB 


In-band ripple 

- 

869 to 894 MHz 

- 

0.6 

2.0 

dB 


Absolute 

stopband 

attenuation 

- 

DC to 824 MHz 

20 

23 

- 

dB 


- 

824 to 849 MHz 

20 

28 

- 

dB 


- 

914 to 939 MHz 

20 

27 


dB 


- 

939 to 1049 MHz 

25 

28 

- 

dB 


- 

1049 to 2000 MHz 

20 

21 

- 

dB 


In-band VSWR 

- 

869 to 894 MHz 

- 

1.8 

2.0 

- 
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F5 SERIES (L2 Type) 

CHARACTERISTIC DATA EXAMPLES (STANDARD VERSION) 

1. AMPS / ADC system (Tx) Part number: FAR-F5CC-836M50-L2AA 




























F5 SERIES (L2 Type) 

CHARACTERISTIC DATA EXAMPLES (STANDARD VERSION) 

2. AMPS / ADC system (Rx) Part number: FAR-F5CC-881M50-L2AB 





















F5 SERIES (L^lVpe) 

CHARACTERISTIC DATA EXAMPLES (STANDARD VERSION) 

3. ETACS system (Tx) Part number : FAR-F5CC-888M50-L2CA 




















F5 SERIES (L2 Type) 
CHARACTERISTIC DATA 
4. ETACS system (Rx) 
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F5 SERIES (L2 Type) 


CHARACTERISTIC DATA EXAMPLES (STANDARD VERSION) 


5. NTACS system (Tx) 


Part number: FAR-F5CC-911M50-L2DA 


CHi S 21 log MAG 5 dB/ REF 0 dB 
I NTACS TX 1 I [ 


1 : - 33.303 dB 
1043.000 000 MHzl 


-29.485 dB 
870 MHz 
-2.1124 dB 
896. MHz 
-2.2046 dB 
925 MHz 


CHi S11/M 1 U FS 
NTACS TX 


-8.0288 n 23.515 pF 

843.000 000 MHz 

2 : 2.9944Q 
3.23110 

A V > 870 MHz 

I ''3:33.715 0 
4.93360 

\ 898 MHz 

V \ 4: 56.17 0 

'v X' -7.4766 0 
925 MHz 


CENTER 910.000 000 MHz 


SPAN 200.000 000 MHz 


CENTER 910.000 000 MHz 


SPAN 200.000 000 MHz 


CHi S„ /M ^ $ 


CH 2 S 22 /M 1 U FS 


2 : 

16.765 


870 MHz 

3 : 

1.5092 


888 MHz 




843.000 000 MHz 


2.8848 Q 
4.2031 « 


870 MHz 

'3 

33.664 a 


Z418 n 
896 MHz 


: 52.545 Q 

A*'" 

-8.3672 Q 



-2 














CHARACTERISTIC DATA EXAMPLES (STANDARD VERSION) 

6. NTACS system (Rx) Part number: FAR-F5CC-856M50-L2DB 














F5 SERIES (L21Vpe) 
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F5 SERIES (L2lVpe) 


CHARACTERISTIC DATA EXAMPLES (STANDARD VERSION) 

9. JDC system (Tx) Part number: FAR-F5CC-950M00-L2FA 



CENTER 950.000 000 MHz SPAN 300.000 000 MHz 


CH, Sii/M 1 U FS 1 : 1.877fi -38.291 Q 5.0688 pF 





SWR 

1/REF 

1 


1 

47.68 




■■IIM 





2 
















1 

2 

46.617 






_ , 

if 



840 MHz 






HTi 

11 


3 

1.1849 






HVJ 

i’i 



940 MHz 






HBl 

'1HB 

4 

1.086 






zx 



960 MHz 




_____ 



— 

-. --I- 


CH2 S22/M 1 U FS 




!5 












































F5 SERIES (L2 Type) 























































F5 SERIES (L2type) 





























F5 SERIES (L2Type) 


























F5 SERIES (L2 Type) 


MEASURING CIRCUIT 



PART NUMBER DESIGNATION 

[Designation example] 

FAR~F5CC- □□□□□□ ~L2 □□ -^ 

® ® ® 


® Frequency designation 


® Serial number. 

@ Packaging 

(Reeled tape) 


: Specify the nominal frequency in six alphanumeric characters. 
Enter M (for MHz) at the decimal point. 

Refer to STANDARD FREQUENCIES. 

: Specify a number from AA to ZZ. 

: T —► 1K pcs/reel 
R —► 3K pcs/reel 



MARKING 
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PACKING : Reel type 
1. Reel dimension 



2. Packing style 


























F5 SERIES (L21Vpe) 
3. Tape dimension 







F5 SERIES (L2 Type) 


All Rights Reserved. 

Circuit diagrams utilizing Fujitsu products are included as a means of illustrating typical 
semiconductor applications. Complete Information sufficient for construction purposes 
is not necessariiy given. 

The information contained in this document has been carefully checked and is believed 
to be reliable. However, Fujitsu assumes no responsibility for Inaccuracies. 

The Information contained in this document does not convey any license under the 
copyrights, patent rights or trademarks claimed and owned by Fujitsu. 

Fujitsu reserves the right to change products or specifications without notice. 

No part of this publication may be copied or reproduced in any form or by any means, or 
transferred to any third party without prior written consent of Fujitsu. 
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F5 SERIES (L2 Type) 
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:.,.—. . ‘ DATASHEET - 

F5CB-***M**-G**-* 

F5 Series Piezoelectric S/4M/ Filters 
SAW-BPF, 700MHz to 1000MHz 


FUJITSU 


The F5 series are wideband bandpass filters for use in the 700MHz to 10OOMHz range. 
The F5 series uses a single lithium tantalate piezoelectric crystal (LITaOa) with a large 
electromechanical coupling coefficient that provides wide band widths and exceptional 
stability. Our exclusive mounting technique makes the F5 series very compact and 
surface mountable. The F5 series is most suitable for use in handheld phones. 


• Considerably smaller and lighter than 
the dielectric filter (volume and 
weight are reduced by 1/30) 

• Surface mount package (SMT) 

• Wide variety of bandwidths for 
worldwide cellular systems (AMPS. 
ADC, ETACS, NMT, GSM. NTT. 
NTACS) 


• Low insertion loss 

• High power rating: 0.2 W guaranteed 

• High stopband attenuation type 
available for AMPS/ADC, ETACS. 
NMT/GSM-Rx 

• Package and ordering information: 

- See page 24 



©1992 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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F5CB":+:*+ Msfc 5f:“G * 


PIN ASSIGNMENT 


(BOTTOM VIEW) 

© © @ 


® ® @ 


Pin no. 

Pin name 

Description 

1 

GNO 

Ground pin 

2 

IN 

Input pin 

3 

GND 

Ground pin 

4 

GND 

Ground pin 

5 

GND 

Ground pin 

6 

OUT 

Output pin 

7 

GND 

Ground pin 

8 

1 GND 

Ground pin 


MAXIMUM RATINGS 


Operating temperature 


Storage temperature 


Maximum input level 


Frequency range 


Symbol 


Rating 


-30 to 70 


-40 to 100 


200 


700 to 1000 













































RECOMMENDED OPERATING CONDITIONS 


Item 

Symbol 

Rating 

Unit 

Operating temperature 

ta 

-30 to 70 

■Qi 


PART NUMBERS 


Tx: Transmitter 
Rx: Receiver 
Lo; Local Ocillator 


No. 

Part Number 

System 

Use 


Bandwidth 

(MHz) 

Remarks 


F5CB-836M50-G201 

AMPS/ADC 

Tx 

836.5 

25 



F5CB-881M50-G201 

AMPS/ADC 

Rx 

881.5 

25 



F5CB-881M50-G211 

AMPS/ADC 

Rx 

881.5 

25 

High stopband 
attenuation 


F5CB-888M50-G201 

ETACS 

Tx 

888.5 

33 

High stopband 
attenuation 


F5CB-933M50-G202 

ETACS 

Rx 

933.5 

33 


6 

F5CB-933M50-G212 

ETACS 

Rx 

933.5 

33 

High stopband 
attenuation 

7 

F5CB-902M50-G201 

NMT/GSM 

Tx 

902.5 

25 


8 

F5CB-947M50-G201 

NMT/GSM 

Rx 

947.5 

25 


9 

F5CB-947M50-G211 

NMT/GSM 

Rx 

947.5 

25 

High stopband 
attenuation 

10 

F5CB-911M50-G201 

NTACS 

Tx 

911.5 

27 


11 

F5CB-856M50-G201 

NTACS 

Rx 

856.5 

27 


12 

F5CB-933M50-G201 

I NTT 

Tx 

933.5 

17 


13 

F5CB-878M50-G201 

NTT 

Rx 

878.5 

17 
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ELECTRIC CHARACTERISTICS 


1. AMPS/ADC type (Tx) 

Part number: F5CB-836M50-G201 T,=-30 ~ 70°C 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarics 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

824 to 849MHz 

—- 

3.5 

4.2 

dB 


in-band ripple 


824 to 849MHz 

— 

1.0 

1.5 

dB 


Stopband 

attenuation 


DC to 800MHz 

20 

25 


dB 



869 to 894MHz 

20 

25 

— 

dB 



894 to 3000MHz 

15 

20 

— 

dB 


in-band VSWR 


824 to 849MHz 

— 

1.7 

2.0 



Matching constants 

Cl 



7 


PF 


Li 



9 


nH 


C2 



6 


PF 


b 



11 

1 .... 

nH 

1_ 


2. AMPS/ADC type (Rx) 

Part number: F5CB-881M50-G201 T.=-30 ~ 70*0 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

869 to 894MHz 


— 

4.5 

dB 


In-band ripple 


824 to 849MHz 

— 

— 

1.5 

dB 


Stopband 

attenuation 


DC to 824MHz 

20 

— 

— 

dB 



824 to 849MHz 

20 

— 

—- 

dB 



917 to 939MHz 

18 

— 

— 

dB 



947 to 1049MHz 

30 


— 

dB 



1049 to 3000MHz 

15 



dB 


In-band VSWR 


869 to 894MHz 

— 

1.8 

2.0 



Matching constants 

Cl 



6 


pF 


Li 



7 


nH 


C2 



7 


pF 


U 



9 


nH 



*; To be determined 
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F5CB-***M*5»c"G***-** 


5. ETACS type (Rx) 

Part number: F5CB-933M50-G202 Ta=~30 - 70®C 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

917 to 947MHz 

— 

4.5 

5.0 

dB 



947 to 950MHz 

— 

5.5 

6.5 

dB 


ln*band ripple 


917 to 950MHz 

— 

1.0 

2.5 

dB 


Stopband 

attenuation 


DC to 872MHz 

20 

25 

— 

dB 



872 to 900MHz 

15 

18 

— 

dB 



900 to 902MHz 

13 

15 

— 

dB 



902 to 905MHz 

8 

13 

— 

dB 



962 to 965MHz 

10 

15 

— 

dB 



965 to 970MHz 

15 

18 

— 

dB 



970 to 995MHz 

20 

25 

— 

dB 



1005 to 1040MHz 

30 

33 

— 




1040 to 3000MHz 

15 

20 

— 



In-band VSWR 


917 to 950MHz 

— 

2.3 

2.5 



Matching constants 

Cl 



6 


PF 


Li 



6 


nH 


C 2 



7 


pF 


L 2 



8 


nH 



6. ETACS type (Rx) 

Part number: F5CB-933M50-G212 T.=-30 -- 70®C 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

91 7 to 950MHz 

— 

5.5 

6.0 

dB 


In-band ripple 


917 to 950MHz 

— 

2.0 

2.5 

dB 


Stopband 

attenuation 


DC to 872MHz 

35 

40 

— 

dB 



872 to 894MHz 

35 

38 

— 

dB 



894 to 905MHz 

15 

20 

— 

dB 



962 to 964MHz 

10 

15 

— 

dB 



964 to 970MHz 

15 

20 

— 

dB 



970 to 995MHz 

20 

25 

— 

dB 



1005 to 1150MHz 

40 

45 

— 

dB 



1150 to 3000MHz 

15 

— 

— 

dB 


In-band VSWR 


917 to 950MHz 

— 

2.3 

2.5 



Matching constants 

Cl 



6 


pF 


Li 



8 


nH 


C 2 



6 


pF 


L 2 



8 


nH 
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F 5 C B-+* * M 5*: * - G + :4c * - ♦ ♦ 


7. NMTtype(Tx) 

Part number: F5CB-902M50-G201 


Ta=-30 - 70"C 



Stopband 

attenuation 


In-band VSWR 


Matching constants 


8 . NMTtype(Rx) 

Part number: F5CB-947M50-G201 


T.=-30 - 70^C 



Stopband 

attenuation 


In-band VSWR 


Matching constants 


\3 






























































































































9. NMTtype(Rx) 

Part number: F5CB-947M50-G211 T.=-30 ~ TO'C 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

936 to 960MHz 

— 

4.7 

5.0 

dB 


ln>band ripple 


935 to 960MHz 

— 

1.5 

2.0 

dB 


Stopband 

attenuation 


DC to 845MHz 

40 

45 

— 

dB 



845 to 890MHz 

30 

35 

— 

dB 



890 to 915MHz 

30 

33 

— 

dB 



976 to 980MHz 

15 

20 

— 

dB 



980 to 1005MHz 

20 

23 

— 

dB 



1012 to 1058MHz 

40 

45 

— 

dB 



1089 to 1140MHz 

40 

45 

— 

dB 



1140 to 3000MHz 

15 

— 

— 

dB 


In-band VSWR 


935 to 960MHz 

— 

2.0 

2.5 



Matching constants 

Cl 



6 


PF 


Li 



8 


nH 


C2 



6 


PF 


U 



_8 


nH 



10. NTACS type (Tx) 

Part number: F5CB-911M50-G201 T.=-30 ~ 70°C 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

insertion loss 

IL 

898 to 925MHz 


4.0 

4.5 

dB 


In-band ripple 


898 to 925MHz 


1.5 

2.0 

dB 


Stopband 

attenuation 


DC to 815MHz 

25 

27 

— 

dB 



815 to 870MHz 

22 

25 

— 

dB 



1008 to 1100MHz 

30 

33 

— 

dB 



1100 to 3000MHz 

15 

20 

— 

dB 


In-band VSWR 


898 to 925MHz 

— 

1.8 

2.0 



Matching constants 

Cl 



6 


pF 


Li 



7 


nH 


C2 



5 


pF 


L 2 



10 


nH 
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13. NTT type (Rx) 

Part number: F5CB-878M50-G201 Ta=-30 - 70X 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

IL 

870 to 887MHz 

— 

3.5 

4.2 

dB 


ln*band ripple 


870 to 887MHz 

— 

1.0 

1.5 

dB 


Stopband 

attenuation 


DC to 690MHz 

20 

25 

— 

dB 



690 to 707MHz 

30 

33 

— 

dB 



707 to 846MHz 

20 

25 

— 

dB 



925 to 942MHz 

25 

28 

— 

dB 



942 to 3000MHz 

15 

20 

— 

dB 


In-band VSWR 


870 to 887MHz 

— 

1.8 

2.0 



Matching constants 

Cl 



5 


PF 


Li 



8 


nH 


C 2 



7 


pF 


U 



10 


nH 





F5CB-5|c**M**-G***-*’ 


CHARACTERISTIC DATA EXAMPLE 


1. AMPS/ADC type (Tx) 

Part number: F5CB-836M50-G201 


2:-3.SS65dB 

84SMHZ 


■■■m 

■■■ni 

■iflHill 

■rMiiiMii 

lifiiiiiiiiiHi 

yiuiiiiHi 

iflHiai 


J CHI 

$22 1UFS 1:22.7460 


AMPS —r— 

Cor 

* -• 

Del 

/ ' / * 

/ ' , ' • ’ 



Hid 

/ '' 'v 

/ ’ II—i 


IIDIIBII 
iriiiiTriHi 
Him 
IlilHI 

luim 


\m 
iiSni 


ififii 






























2. AMPS/ADC type (Rx) 

Part number: F5CB-881M50-G201 



^8 




























X N CSC 


















F5C + * 

4. ETACS type (Tx) 

Part number: F5CB-888M50-G201 



-5i 





























5. ETACS type (Rx) 

Part number: F5CB-933M50-G202 





-51 

























































7. NMT/GSM type (Tx) 

Part number: F5CB-902M50-G201 




-53 






























F5CB-**3j(M5^*-G*5ic*-* 


8. NMT/GSM type (Rx) 

Part number: F5CB-947M50-G201 



S 21 log MAG 5dB/ REFOdB 1:-3.9356 dB CH1 S 22 1 U FS 1:22.791 0 10.895 O 1.8545 nH 

I I . . I I" .I I . I 1 . I I NMT RX 935.000 000 MHz 


935.000 000 MHz 


2:-3.G05dB j Cor 
OeOMHz 


2; 63.025 Q 
-23.8770 
960 MHz 




CENTER 950.000 000 MHz SPAN 200.000 000 MHz 


CENTER 950.000 OOOMHz SPAN 200.000 OOOMHz 


S 11 SWR 



S 11 1 U FS 

NMTRX 


-11.496 0 14.807 pF 
935.000 000 MHz 

K 2:52.516 0 
6.8047 0 
960 MHz 




CENTER 950.000 000 MHz SPAN 200.000 000 MHz 


CENTER 950.000 000 MHz SPAN 200.000 000 MHz 





F5CB - * M “ G * * * - * ^ 


9. NMT/GSM type (Rx) 

Part number: F5CB-947M50-G211 



CENTER 950.000 000 MHz SPAN 200.000 000 MHz 


CHI Sii 1 U FS 1:53.498 Cl -0.5703 Cl 47.676 pF 




CENTER 950.000 000 MHz SPAN 200.000 000 MHz 


CHI S22 1 U FS 1:55.166 Cl -972.66 mQ 175 pF 
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10. NTACS type (Tx) 

Part number: F5CB-911I\/150-G201 


CHI S 21 log MAG 5dB/ REFOdB 
I NTAbs TX I I 1 I 


1: -a.6751 dB CHI S 22 1 U FS 1: 24.393 a 0.8115 Q 143.83 pH 

-T- \ - 1 NTACS TX . 898.000 000 MHz 


2: -3.7226 dB 
02 s MHz 


2: 78.281 Q 
13.707 0 
925 MHz 


1 


CENTER 910.000 000 MHz SPAN 200.000 000 MHz CENTER 910.000 OOOMHz SPAN 200.000 OOOMHz 


CHI Sit SWR 


NTACS TX 
_1_ 






lA 

n( 



11 


-4 








1:1.2924 CHI Sn 1 U FS 1:47.326 0 8.6855 O 1.4944 nH 

- 1 1 NTACS TX ^— ^ 925.000 000 MHz 


2:1.205 Cor 

925 MHz 


1:55.871 0 
-12.26 0 
898 MHz 




1 


CENTER 910.000 000 MHz SPAN 200.000 000 MHz CENTER 910.000 000 MHz SPAN 200.000 000 MHz 







11. NTACS type (Rx) 

Part number: F5CB-856M50-G201 






























12. NTT type (Tx) 

Part number: F5CB-933NI50-G201 



CHI Sai k>gMAQ 5dB/ REFOdB 


2:-3.7279 dB Cor 

942 MHZ 



1:-a.307dB CHI Sa 1 U FS 1:44.33ft 10.285 ft 1.7697nH 

T-1-1 NTTTX 925.000 000 MHz 


2: 32.727 ft 
-7.1035 ft 
942 MHz 


- - 

' , • * » 

) - 


CENTER 935.000 000 MHz SPAN 200.000 000 MHz 


CENTER 935.000 OOOMHz SPAN 200.000 OOOMHz 


CHI Sii SWR 



Sii 1 U FS 
NTTTX 


1:36.016 ft 1.877 ft 322.95 pH 
___ 925.000 000 MHz 


2:45.879 ft 
-6.6445 ft 
942 MHz 



CENTER 935.000 000 MHz SPAN 200.000 000 MHz 


CENTER 935.000 000 MHz SPAN 200.000 000 MHz 








13. NTT type (Rx) 

Part number: F5CB-878M50-G201 



CENTER 880.000 000 MHz SPAN 200.000 000 MHz 



CENTER 880.000 000 MHz SPAN 200.000 000 MHz 


C\ 


Cc 

D. 


HI 





























TEST CIRCUIT 



PART NUMBER DESIGNATION 

Designation example 

F5CB-- □□□□□□ -GQDQ - □ 

O © (D 

© Frequency designation ; Specify the nominal frequency in six alphanumeric characters. Enter M (for MHz) 
at the decimal point. Refer to "PART NUMBERS". 

Example: For an 836.5MHz device, designate as 836M50. 

© Serial number : Specify a number from 201 to 299 

© Packaging (Reeled tape) : 
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DIMENSIONS 












MARKING 
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F6 SERIES (L2 Type) ASSP 
PIEZOELECTRIC SAWBPF 


FUJITSU 


DESCRIPTION 

The F6 series are wideband bandpass filters for use in thefOOO MHz to 2500 MHz range. 

The F6 series uses a single lithium tantalate piezoelectric crystal (LiTaOs) that has large electromechanical coupling coefficient. This 
provides wide bandwidths and exceptional stability. 

Our exclusive mounting technology makes the F6 series very compact and surface mountable. 

Insertion loss is much lower than other filters and impedance is realized at 50 O in passband. 

L2 type can be handled without outside matching circuit. 

The F6 series is most suitable for use in handheld phones for digital systems. 


FEATURES 

• Ultra compact and light (0.02 cc, 0.1 g) 

• Outside matching circuit is unnecessary. 

• Surface mount package (SMT) 

• Low insertion loss 

• High power rating : 0.2 W guaranteed for F6CC Series 

0.1 W guaranteed for F6CE Series 


PACKAGE 



Copyilght© 199S by FUJITSU LIMITED 


7-65 





7-66 



[SiiMMia 


DM V IEW) 







^ G SERIES 

C L 2 > 

MAX 1 MUM RAT 1 

1 NGS 


Item 

1 Symbol ' 

Rating 

Unit 

Operating temperature 

1 

T. 

- 3 0~8 5 

“C 

Storage temperature 

T... 

-4 0~10 0 

”C 

Frequecy range 


1 0 0 0~ 2 5 0 0 

MH z 

Maximum input level 

Pin 

Refer to electrical characteristics 

mW 

1 


Reconnended Operating Conditions 


Item 

Symbol 

Rating 

Unit 

Operating temperature 

T. 

-3 0~8 5* 

“C 


^Standard Rating for Wireless LAN is 0 ~ 60 °C 
STANDARD FREQUENCIES 


Package 

Size 


Center 
freq. (MHz) 

BW 

(MHz) 

System 

1 4 4 1. 0 

2 4 

PDCL5G (Tx) 

1 4 8 9. 0 

2 4 

PDCl. 5G (Rx) 

1 6 1 9. 0 

2 4 

PDC 1. 5 G (Lo) 

1 7 4 7. 5 

7 5 

DCS 1800 (Tx) 

1 8 4 2. 5 

7 5 

DCS1800 (Rx) 

1 8 8 0. 0 

6 0 

PCS (Tx) 

1 9 6 0. 0 

6 0 

i 

PCS (Rx) 

2 4 5 0. 0 

10 0 

Wireless LAN 



FAR-F6CC-1G4410-L2ZA 

FAR-F6CC-1G4890-L2ZB 

FAR-F6CC-1G6190-L2ZN 

FAR-F6CE-1G7475-L2YA 

FAR-F6CE-1G8425-L2YB 


FAR-F6CE-1G8800-L2XA 

FAR-F6CE-1G9600-L2XB 

FAR-F6CB-2G4500-L2WA 















F 6 SERIES 


(L2 Type) 


ELECTRICAL CHARACTERISTICS (STANDARD VERSIDN) 


1. PDC 1. 5 G system (Tx) 

Part number ; FAR-F6CC-1G4410-L2ZA T. =-30 —85 °C 


Item 

Symbol 

Condition 

Rating 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Insertion loss 

I L 

1429 -1453 MHz 

— 

BB 

3.5 

n 


In-band ripple 


1429 -1453 MHz 

— 

HB 

1.8 

n 


Absolute 

stopband 

attenuation 


DC —1200 MHz 

20 

26 

— 

dB 



1200 -1260 MHz 

25 

30 

—- 

dB 



1260 —1287 MHz 

30 

34 

— 

dB 



1287 —1380 MHz 

25 

29 

' — 

dB 



1477 -1513 MHz 

10 

14 

— 

dB 



1513 -1607 MHz 

33 

39 

— 

dB 



n607 —1631 MHz 

35 

39 

— 

dB 



1631 -1900 MHz 

30 

38 

— 

dB 



1900 -2906 MHz 

18 

20 

— 

dB 


In-band VSWR 


1429 —1453 MHz 

— 

1.3 

2.0 

— 


Max. input power 

Pin 

1429 -1453 MHz 

i_ 

— 

200 
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F 6 SERIES (L2 Type) 



Absolute 

stopband 

attenuation 


In-band VSWR 
Max. input power I Pin 


1805 --ISSO MHz 
1805 -1880 MHz 


DC —1500 MHz 


1710 MHz 


1785 MHz 


1920 -2400 MHz 


3610 -3760 MHz 22 
1805 -1880 MHz — 
1805 —1880 MHz — 


25 — dB 

2.0 3.0 — 

— 100 mW 







































F6 SERIES (L2 Type) 


■ ELECTRICAL CHARACTERISTICS (STANDARD VERSION) 

6. PCS system (Tx) Preliminary 

Part number : FAR-F6CE-IG8800-L2XA 


Insertion loss 


In-band deviation 


Absolute 

stopband 

attenuation 


Symbol Condition 


1910 MHz 
1910 MHz 


DC --1500 MHz 


In-band VSWR 

Max. input power Pi 


1500 --im MHz 25 
1930 -1990 MHz 5 
’3700 -3820 MHz 20 
5550 -5730 MHz 4 
1850 -1910 MHz -- 
1850 —1910 MHz — 


Rating 

Typ. 



T* =-30-85 r 


Unit Remarks 



7. PCS system (Rx) Preliminary 

Part number : F AR-F 6 C E - 1 G 9 6 0 0 - L 2 X B 


Symbol Condition 


I L 1930 —199 


Insertion loss 


I 

In-band deviation 


Absolute 

stopband 

attenuation 


In-band VSWR 

Max. input power Pin 


1930 —1990 MHz — 


1930 -1990 MHz — 


DC -1500 MHz 22 
1500 -1850 MHz 25 
1850 —1910.MHZ 10 
3920 -4040 MHz 20 
1930 -1990 MHz — 
1930 -1990 MHz — 


Rating 

Min. 

Typ. 

Max. 

— 

4.0 

■B 

— 

2.0 

2.8 

22 

24 

— 

25 

28 

— 

10 

25 

— 

20 

23 

— 

— 

1.8 

2.5 

— 

— 

100 


T* =- 3 0 — 8 5*C 


Unit Remarks 


'3 




































F6 SERIES (L2 Type) 

TYPICAL CHARACTERISTICS (STANDARD VERSION) 


P D C 1.5 G system (T x ) 

Part number : FAR-F6CC-1G4410-L2ZA 



























F 6 SERIES 


(L2 Type) 


■ TYPICAL CHARACTERISTICS (STANDARD VERSION) 


2. PDC1.5G system (Rx) 

Part number : FAR-F6CC-1G4890-L2ZB 



'6 
































F 6 

SERI 

ES (L2 Type) 



IT Y P 

1 C A L 

CHARACTERIST 

1 cs 

(STANDARD VERSION) 

3. PDCI.5G 
Part number 

system (L o ) 

: FAR-F6CC~1 

G 6 1 

9 O-L 2 ZN 


|B 

3 



IUSBBHB 

0 HHZ 

^ — 

— 

— 


■ 


■ 

[■ 

A 

Hi 

m 

iH 

— 

— 

— 

■ 

■ 


H 

n 

— 


-- 




■1 

■ 


II 







m 

■ 


11 

■ 




— 

— 

M 

■ 

■ 

— 

■ 

■ 

— 

KBi 

■■ 

■■ 

— 



OSES 

‘3HI 

■■ 

■■■■ 

HHi HH ISSCEl ZQCECIIffl^ 



■n 

IHIHlHfH 

MIBB 

ilHBI 


HU 

BH 

HH 

IHH 

BIIHHI 

■■■■ilIBB 


l■■i 

■■ 

IHI 


BBIBI 

IBBBB 

mm\ 





BBBBi 

IMi 



S22 SMR ' 

^ 1 1 1. 16.478 



l«HBi 

BBIBIEIZISZai-QOlQ 



1 

BBIBJilHii 

BBIIBI 



1 

^BBIMK 

mr^mm 



\ 


IBB 

wmmm 




BBUHI 


HBUiliyifi 


— 

SSB 

^^BMBjj 

5 


f tt9 

_ 

> 

> 


B 
























































F6 SERIES (L2 Type) 

TYPICAL CHARACTERISTICS (STANDARD VERSION) 


5. D C S 1 8 0 0 system (R x ) Prel iminary 

Part number : FAR-F6CE-1G8425-L2YB 




















































































































K6 SERIES CL2> 


■MEASURING 


CIRCUIT 



IP ART 


NUMBER 


DES I GNAT 1 ON 



[Designation example] 

FAR-F 6 cn- rTTTTin -L 2 nn--n 
® @ ® ® 

©Package designation: C : 3. 8mm° x 1.6 mm 
E : 3. 0iiim“xl.2 mm 
Refer to standard frequencies. 

©Frequency Specify the nominal frequency in six alphanumeric 

designation: characters. Enter G(for GHz) at the decimal point. 

Refer to standard friquencies. 

[Example] 1. 4 4 1 OGHz -o 1 G4 4 i 0 

©Serial number: Specify a number from WA to ZZ. 

Refer to standard friquencies. 


©Packing: T : I K pcs/reel 

(Reeled tape) 

R : 3 K pcs/reel 


i 
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■PACKING:Reel type 
(l)Reel dimension 
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Edition 1.0 


FUJITSU 


.. —.-- • 3 : —— z datasheet •- - 

M2 Series (D100) 

PIEZOELECTRIC DEVICE 
VOLTAGE CONTROLLED OSCILLATOR 


DESCRIPTION 

The M2 series (D100) voltage controlled oscillators (VCO) operate In the fre¬ 
quency range of 4 to 30 MHz. 

The M2 series VCOs use a single UTa 03 (lithium tantalate) piezoelectric crystal 
with a high electromechanical coupling coefficient for stable and wide variable fre¬ 
quency width. 

FEATURES 

• Wider variable frequency width than quartz crystals: ± 0.2% or more 

• High stability (100 times more stable than LC configuration) 

• Excellent carrier noise ratio 

• Hermetically sealed in a metal case for high reliability in severe environmental 
conditions 

• Compatible with 14-pin DIP IC packages 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Input Control Voltage 

V|N 

-0.5 to 10 

V 

Output Voltage 

VoUT 

-0.5 to Vqq +0.5 

V 

Output Current 

'out 

±25 

mA 

Operating Temperature 

Ta 

-30 to+85 

«c 

Storage Temperature 

Tstg 

•40 to+100 

®c 

Oscillation Frequency Range 


4to30 

MHz 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

4.75 to 5.25 

V 

Input Control Voltage 

V,N 

0.5 to 5.0 

V 

Operating Temperature 

Ta 

-30 to +85 

"C 


NOTE: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be restricted to the conditions as detailed in the opera¬ 
tion sections of this data sheet. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 




Bottom View 


Terminal 

No. 

Terminal 

Name 

Description 

1 

V|N1 

Control Volt¬ 
age 

Input Termi¬ 
nal 

7 

QND 

Grounding 

Terminal 

8 

Vqut 

Oscillation 
Output Termi¬ 
nal 

14 

Vcc 

Power Supply 
Terminal 


This devio* oontaint drcu^try to protsct th« inputs against 
d«naga duo to high static voltages or aloctrie fiolds. However, it 
is advised that normal precautions be taken to avoid application 
of any voltaga higher than maximum rated voltages to this high 
impedance circuit. 


© 1990 by FUJITSU LIMITED 


7 














































































M2 Series (D100) 


STANDARD CHARACTERISTICS: 

Part Number: M2DA-8M1920-D100 


Control Voltage and Oscillation Frequency 

5,000 
4,000 


g 3,000 






















y 


















jp"' ’ 
























_ X 

-^ 








-^ 

r — 






























0.5 


1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.5 


5.0 



T Supply Voltage Characteristics 

eerv, V« - 2.5 V 

1,500 

1,000 

500 

o' 

-500 

-1,000 

-1,500 

-2.000 













\ , 





















4.50 


4.75 


5.00 

Power Supply Voltage (V) 


5.25 


5.50 
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M2 Series (D100) 


STANDARD CHARACTERISTICS: 

Part Number; M2DA-28M636-0100 


Control Voltage and Oscillation Frequency 




Temperature (®C) 

Power Supply Voltage Characteristics 



4.50 4.75 5.00 5.25 5.50 

Power Supply Voltage (V) 


7-90 






M2 Series (D100) 

































M2 Series (D100) 


Oscillation Spectrum 


CARRIER NOISE RATIO OF VCO 

REF 10.0 dBm AHIOdB MKR 12.288000 MHi 



SWP 3» SPAN 5.0 kHz CENTER 12.288000 MHz 

Output signal purity (C/N ratio) 


APPLICATION CIRCUIT EXAMPLES 

Example 1. Connection to CMOS 



Example 2. Connection to LS TTL (or CMOS) 











M2 Series (D100) 


PART NUMBERING SYSTEM 


Part Number Example 


M2DA - - D □□□ 


o e 


O Frequency Designation:Designate the nominal frequency in six alphanumeric characters. 
M indicates the decimal point in MHz. 


Frequency 

Designation 

8.192 MHz 

8M1920 

9.408 MHz 

9M4080 

11.290 MHz 

11M290 

11.580MHz 

11M580 


12M288 


14M318 

16.000 MHz 

16M000 

16.257 MHz 

16M257 

16.384 MHz 

16M384 

16.934 MHz 

16M934 

17.734 MHz 

17M734 


Frequency 

Designation 

18.432 MHz 

18M432 

18.816 MHz 

18M816 

20.480 MHz 

20M480 

21.053 MHz 

21M053 


21M477 


22M579 

24.576 MHz 

24M576 


25M175 

27.338 MHz 

27M338 

28.224 MHz 

28M224 

28.636 MHz 

28M636 



© Serial Number (of the Series):Standard: 100 

Non-Standard porducts: 001 to 099 


MARKING 


Company Symbol Nominal Frequency 



January 


October 

November 

December 
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M2 Series (D100) 

DIMENSIONS 





(0.335) 



Units: mm (in.) 











October 1990 
Edition tO 
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:::: ■— .. -= datasheet= 

M2 Series (D300) 

Piezoelectric Device 
(Voltage Controlled Oscillator) 



DESCRIPTION 

The M2 series (D300) voltage controlled oscillators (VCO) operate in the frequency 
range of 4 to 30 MHz. The M2 series VCOs use a single LiTaOa (lithium tantalate) 
piezoelectriccrystal with a high electromechanical coupling coefficient for stable and 
wide variable frequency width. 

This module incorporates three VCOs for the three sampling frequencies used In 
digital audio equipment (32, 44.1, and 48 kHz). The frequencies are selected by 
external signals. 

FEATURES 

• Cbck replay in response to three sampling frequencies (32.44.1 and 48 kHz), 
is contained in one module 

• Wider variable frequency width than in quartz crystals: ±0.1% or more 

• Excellent stability for signal noise reproduced by high quality of the lithium 
tantalate 

• 100 times more stable than VCOs of LC and TTL-IC configuration 

• Three sampling frequencies controlled at CMOS logic level 

• SIP packaged for high-density mounting of devices 

• Compatible with the Electronic Industry Associatbn of Japan (EIAJ) digital I/O 
Standard Type if (consumer digital audb equipment). Level I (high-resolution 
mode) and Level 11 (standard resolutbn mode) 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Input Control Voltage 

ViN 

-0.5 to 10 

V 

Output Voltage 

VoUT 

—0.5 to Vcc +0*5 

V 

Output Current 

loUT 

±25 

mA 

Operating Temperature 

Ta 

—30 to -f85 


Storage Temperature 

Tstg 

-40 to +100 

°C 

Megative value of current means that the currer 

RECOMMENDED OPERATIN 

It flows from the device. 

G CONDITIONS 

Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

4.75 to 5.25 

V 

Input Control Voltage 

V,N 

0.5 to 5.0 

V 

Operating Temperature 

Ta 

-20 to +70 

‘’C 


Mote; Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation shoub be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Copyright © 1900 by FUJITSU LIMITED 



Metal Case 
SIP-16 


(Front View) 



16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

-1 FO 

1 FI 

_1 GND 

I GND 

' -1 GND 

- I GND 

_ 1 GND 

'-T-1 V,,, 

-1 GND 

_1 GND 

--J GND 

_1 GND 

- J VOUT 

_' ,"J GND 



Terminal 

No. 

Terminal 

Name 

Description 

1. 16 

Vcc 

Power Supply Terminal 

3 

VoUT 

Output Terminal 

8 

V,N 

Control Voltage 

Iniput Terminal 

2. 4. 5. 6, 7. 

9, 10. 11, 12,13 

GND 

Grounding Terminal 

14 

FI 

Frequency Switching 
Terminal 

15 

FO 

Frequency Switching 
TerminaF 


1 The GND terminal and the Vcc terminals are not 
connected inside the module. So be sure to route 
them on the PC board. 


2 The F1 and FO bits switch the oscillation frequen¬ 
cies. The FI and FO bits are equivalent to bits 25 
and 24 of the EIAJ Digital I/O Standard. _ 

This device contains circuitry to protect the Inputs 
against damage due to high static voltages or electric 
fields. However, It is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit._ 
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ELECTRICAL CHARACTERISTICS 

DC Characteristics__ 


M2 Series (D300) 


item 

Symbol 

Condition 

Ratings 


Minimum 

Normal 

Maximum 

Output Voltage 

D 

IHSlii 


Vcc ”0-5 

5.0 

— 

V 

L 

VoL 

loL-20pA 

— 

0.0 

0.5 

V 

Power Supply Current 

icc 

Not Loaded 

— 

4.6 

15 

mA 


Measuring Circuit Diagram 


Vcc 




AC Characteristics 


Item 

Symbol 

Condition 

Ratings 

Unit 

Remarks 

Minimum 

Maximum 

Oscillation Frequency One 



1.0015foi 

— 

MHz 

Nominal frequency Fq reference 

It, 

MIHiM 

— 

0.9985foi 

MHz 

Oscillation Frequency Two 

^H2 


I.OOISfoz 

— 

MHz 

fu 



0.9985fo2 

MHz 

Oscillation Frequency Three 

IHSI 




1^1 

^L3 

HflSED 

— 

0.9985fo3 

|2]Q| 

Frequency Voltage Stability 

Af(Vcc, 

Vcc-4.75 
to 5.25 V 



ppm 

5 V reference. Vin * 0.5.4.5 V 

Frequency Temperature 
Stability 



-500 

500 

ppm 

25®C reference Vin = 0.5, 4.5 V 
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M2 Series (D300) 


STANDARD CHARACTERISTICS 

1 A. Control Voltage and Oscillation Frequency Changes 
Part Number: M2SC-12M288-D300 



Control Voltage (V) 



0 1.0 2.0 3.0 4.0 5.0 

Control Voltage (V) 



Control Voltage (V) 
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Oscillation frequency change (%) Oscillation frequency change (%) Oscillation frequency change {%) 


M2 Series (D300) 





























M2 Series (D300) 


STANDARD CHARACTERISTICS 

1C. Control Voltage and Oscillation Frequency Changes 
Part Number: M2SC>24M576-D300 



Control Voltage (V) 



0 1.0 2.0 3.0 4.0 5.0 

Control Voltage (V) 



0 1.0 2.0 3.0 4.0 5.0 

Control Voltage (V) 
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M2 Series (D300) 


2. Oscillation Spectrum 

Part Number: M2SC-18M432-D300 

Example of fo 3 » 18.432 MHz 


REF-10.0 dBm ATTIOdB MKR 18.4334 MHz REF-10.0 dBm ATTIOdB MKR 18.43214 MHz 





IPl_ 



,u :;'ii 


R f . r T 

I i I > I . i i 


SWPIOOmi SPAN 200kHz CENTER 18.434 MHz SWPl.Os SPAN 20kHz CENTER 18.4321 MHz 


RBW = 3 kHz 
SPAN = 200 kHz 


RBW = 300 Hz 
SPAN = 20 kHz 


3. Frequency Switch Oscillation Startup Characteristics 

The characteristics in the circuit bebw were measured with Vcc » 5.0 V and V^c * 5.0 V. 


Condition: Vcc = 5.0 V 
ViN = 5.0 V 



. ^0 


PG 


Fi 

M2SC-18M432-D300 























M2 Series (D300) 















M2 Series (D300) 


PART NUMBERING SYSTEM 

[Part Number Example] 

M2SC-nDDDDn -D □□□ 

O © 

Frequency designation: Designates the highest frequency of the combined nominal frequency types in six alphanumeric 
characters. M indicates the decimal point in MHz. 


Frequency 


(12.288 MHz) 

BS9CBBS111' 

(18.432 MHz) 

TypeB:18M432 | 

(24.576 MHz) 



© Serial numbers of the series: 

Standard for the M2 series (D300): D300 


MARKING 

I Part Number 


Company Symbol Indication Lot indication 




DIMENSIONS 


43.0 max. (1.693) 



8.0 max. (0.315) 



Units: mm (in.) 
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October 1990 
Edition 1.0 


cP 


T . DATASHEET= 

M3 Series (0001) 

Piezoelectric Device 
(Voltage Controlled Oscillator) 



DESCRIPTION 

The M3 series voltage controlled oscillators (VCO) operate in the frequency range of 
50 to 300 MHz. The M3 series VCOs use a single LiTaOa (lithium tantalate) 
piezoelectric crystal with a high electromechanical coupling coefficient and a SAW 
resonator that has an original configuration. The M3 series VCOs oscillate directly in 
the VHF band up to 300 MHz, and have a wide variable frequency width and high 
temperature stability. 

FEATURES 

• Direct oscillation at high frequencies: 50 to 300 MHz 

• Wide variable frequency width: 800 ppmA/ minimum (0.5 to 4.5 V) 

• Superb temperature characteristics: Within ±200 ppm (0 to 60^C) 

• High'precision oscillation frequency, ready for use without adjustment 

• High reliability due to hermetically sealed package 

• High carrier noise ratio: -90 dB or less (12.5 kHz detuning, 8 kHz band) 

• Compact size: Compatible with 16-pin DIP 1C packages 

• Frequency offset by built-in offset terminal 

• Three types of standard frequencies available 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

HDHI 

Input Control Voltage 

■■■ 

-0.5 to 7.0 

HEIH 

Operating Temperature 

Ta 

0to60 

mem 

Storage Temperature 

Tstg 

-40 to 85 

■Bl 

Control Polarity 


Positive Polarity 

hhh 

Oscillation Frequency Range 


50 to 300 

MHz 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Ratings 

UnH 

Power Supply Voltage 

Vcc 

5.0 

V 

input Control Voltage 

V,N2 

0.5 to 4.5 

V 

Operating Temperature 

Ta 

0to60 

o 

o 


Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Metal Case 
DIP-16 


(Bottom View) 



O 09 

c_ ) 


Terminal No. 

Terminal Name 

Description 

HDHI 

VlNI 

Offset Terminal 

hhh 

GND 

Grounding Terminal 

8 

VouT 

Oscillation Output 
Terminal 

9 

Vcc 

Power Supply 
Terminal 

16 

Ifj^B 

Control Voltage 

Input Terminal 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 


Copyright © 1990 by FUJITSU LIMITED 
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M3 Series (D001) 


STANDARD FREQUENCIES 


Frequency 

Applicaltlon 

Part Number 

74.25 MHz 

Professional HDTV 

M3DA-74M250-D001 

97.2 MHz 

Transmission Standard HDTV 

M3DA-97M200-D001 

115.52 MHz 

Broad-band ISDN 

M3DA-155M52-D001 


ELECTRICAL CHARACTER 


ISTICS 


Item 

Symbol 

Condition 

Ratings 

Unit 


Minimum 

Typical 

Maxi¬ 

mum 

Oscillation Frequency Deviation 

Afo 

mu 

-500 

— 

+500 

ppm 

fo reference 

Variable Width of Oscillation 
Frequency 

(fH-y 

f© 

Qiinom 

800 

— 

— 

ppmA/ 


Temprature Stability of 

Oscillation Frequency 

Af(T.) 


-200 

— 


ppm 

25®C reference, 

Ta * 0 to 60X 

Output Level 

ISSBIli 

PWM 

0 

5 

7 

dBm 

50 O termination 

Output Level Stability 

AP (Vf) 

E^RSSjll 

-2 

— 

+2 

dB 

Vin2-2.5V 

reference 

Output Level Temperature 
Stability 

AP(T.) 

Vw2 « 2.5 V 

-2 

— 

+2 

dB 

25'^C reference, 

Ta = 0 to 60®C 

Current Consumption 

Ice 

— 

— 


30 

mA 

niiiiiiiiiiiii 

Oscillation Frequency Power 
Supply Voltage Fluctuation 

Af(Vcc) 

Vw2-2.5V 

-50 

— 

+50 

ppm 

Vec » 5 V refer¬ 
ence, ±5% 


STANDARD CHARACTERISTICS 

The examples below show characteristics of the M3 VCO devices at 155.52 MHz. 

Example 1. Frequency Variable Characteristics 



Control Voltage (V) 
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M3 Series (D001) 






PART NUMBERING SYSTEM 

(Part Number Example) 


MSDA-DDDDDD -D □□□ 

O © 


Frequency designation: Designates the nominal frequency in six alphanumeric characters. M indicates the decimal 
point in MHz. 


Frequency 

Designation 

74.25 MHz 

74M250 

97.2 MHz 

97M200 

115.52 MHz 

115M52 


Serial Number (of the series): 

Standard: 001 

Non-standard products: 001 to 099 

PACKAGE DIMENSIONS 
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October 1990 
Edition 1.0 


DATA SHEET' 


FujiTSU 


M3 Series (D101) 

Piezoelectric Device 


Modulator, 50 MHz to 300 MHz 

DESCRIPTION 

These piezoelectric modulators feature direct oscillators (50 MHz to 300 MHz). The 
piezoelectric modulator uses a lithium tantalate piezoelectric single crystal (LiTaOa) 
with a high electromechanical coupling coefficient. The piezoelectric modulator 
employs an exclusive SAW resonator. The piezoelectric modulator can be used in 
direct modulation applications needing high modulation sensitivity and a high signal 
noise ratio in the VHF band (up to 300 MHz). 


FEATURES 


High frequency direct modulation: 
High modulation sensitivity: 


50 to 300 MHz 

800 ppm/V min. (0.5 to 4.5 V) 


Excellent modulation distortion ratio: 40 dB max. (1 KHz to 1.75 KHz dev.) 


Excellent signal noise ratio: 

Excellent temperature characteristic: 

Highly reliable hermetically sealed package 
Compatible with 14-pin DIP IC packages 


-50 dB max. 

±200 ppm max. (-20 to 70®) 


ABSOLUTE MAXIMUM RATH 

^JGS (See Note) 

Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

ML Pin Input Voltage 

Vml 

-0.5 to 10 

V 

MM Pin Input Voltage 

Vmm 

-0.5 to 7.0 

V 

ML Pin Modulation Polarity 


Positive 


MM Pin Modulation Polarity 


Negative 


Operating Temperature 

Ta 

-20 to +85 

®C 

Storage Temperature 

Tstg 

^0 to+100 

®C 

RECOMMENDED OPERATIN 

G CONDITIC 

►NS 

Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

4.75 to 5.25 

V 

ML Pin Input Voltage 

Vml 

2.5 

V 

Operating Temperature 

Ta 

-20 to 70 

®C 



(Bottom View) 



fTerminal No, 


Terminal Name 


ML 


GND 


VoUT 


Vcc 


Description 


Control Voltage 
Input Terminal 


Modulation input 


Grounding Terminal 


Oscillation Output 
Terminal 


Power Supply 
Terminal 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 


Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Copyright © 1990 by FUJITSU LIMITED 
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M3 Series (D101) 


STANDARD FREQUENCY 


Standard Frequency 

Application 

Part Number 

145.0 MHz 

Mobile Phone 

M3DA-145M0O-D101 


ELECTRICAL CHARACTERISTICS 


(VCC-5.0V) 


Item 

Symbol 

Condition 

Ratings 

Unit 

Remarks 

Min. 

Typ. 

Max. 

Oscillation Frequency Deviation 

Afo 

Vml-2.5V 

-300 

— 

+300 

ppm 

fo reference 

Variable Width of Oscillation 
Frequency 

(Ih-Il) 

lo 

Vml-0.5 V 
V„u-4.5V 

800 


— 

ppmA/ 


Temperature Stability of 

Oscillation Frequency 

Af(T.) 

Vml«2.5V 

-200 

— 

+200 

ppm 

25''C reference, 

Ta * -20 to 70®C 

Output Level 

Pout 

Vml- 2.5 V 

-5 

-3 

-1 

dBm 

50 Q termination 

Output Level Stability 

AP (Vf) 

Vml * 0.5 V 
Vml*4.5V 

-2 

— 

+2 

dB 

Vml- 2.5 V 
reference 

Output Level Temperature 

Stability 

APfT.) 

Vml-2.5 V 

-2 

— 

+2 

dB 

25°C reference, 

Ta = -20to70®C 

Current Consumption 

Icc 

— 

— 


10 

mA 


Oscillation Frequency Power 

Supply Voltage Fluctuation 

Af (Vcc) 

Vml-2.5 V 

-50 

— 

+50 

ppm 

±5% at Vcc - 5 

V 

reference 

Modulation 

Characteristic 

Modulation 
Distortion 
(1 KHz tone) 


1.75 KHz DEV 

_ 

_ 

-40 

dB 

15 KHz LPF 


3.5 KHz DEV 

_ 

_ 

-40 

dB 


5.0 KHz DEV 

_ 

_ 

-40 

dB 

Signal to Noise 
Ratio 


1.75 KHz DEV 



-50 

dB 

300 to 3 KHz 

Modulator Input 
Impedance 



10 



KQ 



PART NUMBERING SYSTEM 

Designation Example 

M3DA-DnnnDo -dddd 

© © 

^ Frequency Designation; The standard frequency is designated in six alphanumeric characters. M is used to 

designate the decimal point in MHz. Refer to STANDARD FREQUENCY. 
Example: 145.0 MHz device is designated as 145M00. 

Serial Number; The serial number is assigned from 101 to 199 (with 101 as the standard). 
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M3 Series (D101) 


SAW MODULATOR CHARACTERISTICS 

M3OA-145M00-D101 


Item 

Rating 

Characteristics 

Remarks 

Output Frequency 

145.0 MHz 

144.997 MHz 

Vc = 2.5 V 

Current Consumption 

10 mA or less (with buffer) 

7.3 mA 


Output Level 

-3 dBm ±2 dB 

-2.00 dBm 

VC-2.5V 

Spurious Response Ratio 

Higher harmonic < 4 dB at 2 Iq (290 MHz) 

-7.3 dB 


Frequency 

Stability 

Power Supply 
Fluctuation 

Within ±50 ppm for 5 V ±0.25 V 

+6.00 ppm 
-5.80 ppm 


AFC-F-F 

Characteristic 

±550 ppm or more for 2.5 V ±1 V 

-789 ppm 
+1016 ppm 


Temperature 

Characteristic 

Within ±300 ppm for -35 to +85 

+66 ppm 
+41 ppm 


AFC Voltage Versus Output 
Frequency Characteristics 

At 25 ±5X, the AFC voltage for the output frequency 
of 145 MHz is Vc - 2.5 V ±0.3 V 

2.501 V 


At -20 +85®C, the AFC voltage for the output 
frequency of 145 MHz Is Vc * 2.5 V +0.3 V 

2.476 V 

2.459 V 

-20°C 

+85‘’C 

Modulation 

Characteristic 

Modulation 
input Level 

-28 dBm±3dB (600 W) 

1 KHz ±3.5 KHz DEV* 

-26.1 dB 

15 KHz LPF 

Modulation 
Distortion Ratio 

-35 dB or less 1 KHz (±1.75 KHz DEV)* 

-30 dB or less 1 KHz (±3.5 KHz DEV)* 

-20 dB or less 1 KHz (±5.0 KHz DEV)* 

—46 dB 
-49 dB 
-48 dB 

15 KHzLPF 

Modulation 

Characteristic 

< ±1 dB/20 Hz to 5 KHz ±5 KHz DEV* 



Signal Noise 
Characteristic 

<-50 dB ±1.75 KHz DEV* 

-55 dB 

300 to 3 KHz 


‘Adjust the control voltage for an oscillation frequency of 145 MHz for the modulation characteristic. 


Test Circuit 
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M3 Series (D101) 


SAW MODULATOR CHARACTERISTIC DATA (Continued) 

M3DA-145M00-D101 

No. ES-38 O 


Output Level 
Fluctuation 
(dB) 0 


Frequency 

Variation 

(ppm) 


Oscillation 

Frequency 

Variation 

(ppm) 






^0 -30 +20 -10 


10 20 30 40 i 

Temperature (°C) 
Temperature Characteristic 





9 5,0 5. 

Supply Voltage (V) 
Supply Voltage Fluctuation 
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- SECTIONS 

Power Management Switches -At a Glance 


The typical cellular handset typifies the recent trend towards compact, lightweight, batteiy dependent prod¬ 
ucts that can be used anywhere, anytime. Fujitsu’s innovative power management switches can effect a 
reduction of power consumption in the "OFP state, thereby extending battery life. 


Page 

Number 

Part 

Number 

‘ON’ 

Resistance 

Maximum 
Handling Cur¬ 
rent 

Comment 

8-3 

MBd802 
(dual switches) 

0.12 Q 

1.2 A 

per channel 

Well suited for most 
portable radio applica¬ 
tions 

8-17 

MB3807A 
(dual switches) 

0.3 a (12 V port) 

6.0 Q (5 V port) 

0.5 A (12V port) 

0.1 A (5V port) 

Designed for PCMCIA 
card controllers; will 
have niche application 
to wireless products 
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Edition 1.0a 


DATA SHEET 


MB3802 

POWER MANAGEMENT SWITCH 


FUJITSU 


DESCRIPTION 

The MB3802 Is a dual power management switch incorporating two 
identical switch circuits which have extremely low ON resistance and 
consume zero input current when the switches are turned OFF. These 
features effectively reduce power consumption and extend the battery 
life of portable, battery-driven products. The MB3802 can be used to 
efficiently control various power supply systems for Notebook Comput¬ 
ers and typical peripheral devices such as Disk Drives and PCMCIA 
Cards. 

The MB3802 switch blocks turn on at a very low input voltage (typical V(n 
> 2.2 V) and a stable ON resistance is obtained Irrespective of the 
switching voltage since the Internal DC/DC converter applies the 
optimum voltage for the N-ch MOS gate at Switch-ON. 

No external diode is required because the switch block Is configured with 
an N-ch MOS structure to prevent the flow of reverse current at 
SwItch-OFF. 

Additionally, a load-side capacitor can be discharged at Switch-OFF by 
an Internal discharge switch which Is operated by an external control pin. 


FEATURES 

• Extremely low ON resistance: 

- Ron = 0.12 n (typical) 

- Ron = 0.06 a (typical for parallel connection) 

• Reverse current protection at load side at SwItch-OFF 

• Operation start at low Input voltage: Vim > 2.2 V (typical) 

• Low power consumption 

- At Switch-OFF: I|n = 0 pA, V|n = 0 V 

- At SwItch-ON: t|N = 230 pA, V|n = 5 V 

• Load discharge function 

• External control of ON/OFF time 

• Break-before-make operation 

• 16 Pin Plastic Flat Package (Suffix: -PF) 


16-pin plastic SOP 
(FPT.16P-M04) 



This device contains circuitry to protect ^ inputs against 
damage due to high static voltages or ele^ric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright ©1995 FUJITSU UMfTED. Fujitsu Microelecfrooics. Inc. 
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MB3802 


BLOCK DIAGRAM AND EXTERNAL CONNECTIONS 



Note: The MB3802 incorporates two switch blocks as shown above. However, GND is common to both blocks. 















MB3802 


BLOCK DESCRIPTION 


When V|N exceeds 2.2 V, the Comparator starts driving the DC/DC converter which boosts the Vug voltage in order to 
switch the N-ch MOS, applying the optimum voltage to the switch gate. 

When V|N is below 2.1 V, the Comparator stops the DC/DC converter, starts the Switch-OFF circuit, and discharges the 
voltage from the switch gate to GND. The Switch-OFF circuit is powered from the SWj^ and consumes 0.4 pA at 5 V. 

Since the N-ch MOS back gate is connected to GND, Switch-OFF reverse current is prevented irrespective of the High 
level state between SWin and SWqut- 

The load discharge circuit installed between SWouj and GND is powered by the DCG pin, and discharges the load-side 
capacitor at Switch-OFF. When it is not necessary to discharge the load, connect the DCG pin to GND. 

The DLY pins are for connection to an external capacitor to delay the Switch-ON/OFF time. The surge current at the 
load side is reduced during power-on by controlling the Switch-ON time. The Switch-ON time is also dependent on the 
boot time of the DC/DC converter. 


PIN DESCRIPTION 
1. Power Management Switch 


Pin No. 

Pin Symbol 

Description 

16 

Vina 

Switch Control Pins: These input control pins drive the Switch-ON with a High input level and 
Switch-OFF with a Low input levei. They also serve as power-supply pins for the DC/DC converter to 
generate the switch gate voltage. 

9 

VlNB 


SWina 

Switch input pins: Two common pins are assigned to SWina ^rid SW|nb* They serve as input 

5.6 

SW,nb 

power supply pins for the Load Switches and the Switch-OFF circuit. 

13, 14 

SWoUTA 

Switch output pins: Two common pins are assigned to SWquta ^ SWoutb* They are typically 
tn tha high side of the controlled In^d Whan DCGA or DCGB ara at a High taval, the 

11.12 

SWoUTB 

respective load-discharge circuits implement the discharge function via these pins. 

2 

DCGa 

SWouta^Wqutb discharge control pins: These pins are used to control the discharge of the load 

7 

DCGb 

at Switch-OFF. Connect them to GND when the discharge function is not required. 

15 

DLYa 

Switch-ON/OFF time control pins: The ON/OFF time can be delayed by connecting an extemed 
capacitor. Both times are delayed about three fold by Installing a 500-pF capacitor between these pins 
and GND. Leave these pins open when they are not used. 1 0 V may be generated when these pins 
are open. To keep these pins at high impedance, take care to mount the device so that there is mini¬ 
mal current leakage (less than 0.1 |iA). 

10 

DLYb 

1 

GNDa 

Ground pins for input threshold reference voltage and load discharge: When two switching 

8 

GNDb 

circuits are used, ground both GND pins. 















MB3802 


ELECTRICAL CHARACTERISTICS 
1. Absolute Maximum Ratings 


(Ta = + 25®C) 


Parameter 

Symbol 

Condition 

Ratings 

Unit 

Input voltage 

V|N 

— 

-0.3 to 7.0 

V 

Switching voltage 

Vsw 

At Switch-OFF 

-0.3 to 7.0 

V 

At Switch-ON 

-0.3 to 7.0 

Switching current 

^sw 

At Switch-ON peak 

3.6 

A 

Total Power Dissipation 

Pd 

Ta^+75°C 

290 

mW 

Storage temperature 

Tstg 

-> 

-55 to+125 

°C 


2. Recommended Operating Conditions 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Min. 

Typical 

Max. 

Input voltage 

V|N 

- 

0 

- 

6.0 

V 

Switching level 

VSWIN 

At Switch-ON 

0 

— 

6.0 

V 

At Switch-OFF 

0 


6.0 

Switching current 

Isw 

At Switch-ON (for single switch) 

— 

— 

1.2 

A 

DLY-pin connection capacitance 

Co 



— 

10 

nF 

DLY-pin mounting leak current 

Idly 

— 

-0.1 

— 

0.1 

MA 

Input voltage to load discharge circuit 

Vdcq 

Vin = 3V,5V 

2.5 

— 

6.0 

V 

Operating temperature 

Top 

— 

-40 

— 

+75 

°C 
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MB3802 


3. DC Characteristics 


(Ta*+25°C) 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Min. 

Typical 

Max. 

Input Current 

l|N1 

> 

o 

It 

z 

> 

— 

0 

— 

MA 

hN2 

VrN«3V 

— 

100 

200 

ma 

Vin*5V 

— 

230 

460 

HA 

Switching Resistance 

^ONI 

V|N = 3 V, Isw ® 0-5 A, VswiN = 3 V 

— 

120 

160 

mQ 

RoN2 

Vin*5V.Isw*0.5A, Vswin = 3V 

— 

130 

175 


Switch-OFF leak current 


Vin*0V,Vswin«6V 

— 

0.5 

2.0 

HA 

input threshold voltage 

Vthi 

AtSwHch-ON 

2.0 

2.2 

2.4 

V 

VtH2 

At Switch-OFF 

1.9 

2.1 

2.3 

V 

Input hysteresis 

Vhys 

— 

50 

100 

— 

mV 

Switch resistance 

Ron 

V|n*3V,5V,Isw = 0.5A 

Ta=:-40°to+75°C 



210 

m^ 


Switch charge resistance 

Rdcgi 

VSWOUT « 3 V. Vdcg * 3 V 

— 

750 

1500 

Q, 

RdcQ2 

VswouT = 5 V, Vdcg = 5 V 

— 

500 

1000 

a 

Input current to switch discharge 
circuit 

Idcg 

Vdcg-SV 

— 

0 

2 

ha 


4. AC Characteristics 

rra = +25®C) 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 




Min. 

Typical 

Max. 


Switch-ON time 

tONI 

V,n«0V->3V.Vswin*3V 

100 

300 

900 

HS 


k)N2 

V,n = 0V->5V,Vswin*5V 

50 

150 

450 

HS 

Switch-OFF time 

tOFFI 

V|n«3V->0V,Vswin = 3V 

20 

60 

180 

HS 


tOFF2 

V,N = 5V->0V.VswrN-5V 

10 

30 

150 

HS 

Switch-ON/OFF time lag 

Ihysi 

Vjn«3V/0V.Vswin«3V 

80 

240 

720 

HS 


tHYS2 

V,n = 5V/0V.Vswin-5V 

40 

120 

300 

HS 
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AC CHARACTERISTIC TEST DIAGRAMS 
1. Test Condition 



2. Switch-ON/OFF Timing Chart 
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APPLICATIONS 

1. Separate Use of Two Switching Circuits 


DCGa 



Notes: 

1. The two power supplies V^a and Vsb can be used separately by controlling the voltages V|na and V|nb. 

2. Connect the DCQ pin to GND when it is not used. 


2. Switching TWo Power Supplies 



Note: When using different power supplies for a single load, conb'ol them by connecting an external capacitor so that bodi 
switches are not ON at the same time. 
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3. Switching Two Loads 



4. Connecting Serial Switches 
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5. Connecting Parallel Switches 


DLYa DCGa 



Note: Connect the circuits A and B in parallel to produce a low ON resistance (Rqn = 0 06 £2). In this case, connect 
the DLYA and DLYB pins in common to give synchronous ON/OFF between both switches. 


6. 25% ON Resistance 



MB3802 



SW,NB — 

SWouTB —' 
3_ 

IgND I DCGb 



MB3802 

sw,nb- 

^ -DLYb 

I IgND DCGb 

- 'w - 

Notes: 

1. Make this connection to produce an ON resistance that is much lower than the single device parallel switch 
connection (as shown in 5.) Also, connect the DLY pins in common. 

2. Consider the differences between the ON resistances and the Switch-ON/OFF times between the two devices 
(MB3802) and Insure that load control is not offset at one device. 
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TYPICAL CHARACTERISTICS CURVES 


300 


ON Resistance (lnput>voltage dependence) 


lew = 1 A 


2501 


ON resistance 

(mO) 200 


150 


VswiN*6V 
Vsw!N = 5V 
VswiN = ^V 
Vswin*3V 
Vswin*2V 
VswiN = 

’ VswiN = OV 


100 



150 


ON resistance 

(mO) ^00 


ON Resistance (Load current dependence) 


2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Input voltage (V) 


50 


Vsw 

Vsw 

— 

n-5V.^ 

n-5V.^ 

^in-5\ 



■ 




:v 


■■ 

— 


iizr 






' V 

SWIN = 3 
swin=3 

V.V,N = 
V.ViN- 

3V 

5V 


150 


ON resistance 

{mQ) 100 


ON Resistance 

(Temperature dependence: SW|n = 3 V) 


Switch>ON 
time OxS) 


50 

500 

400 

300 

200 

100 



— 

/VIN = 3 V 
,= 1A 

— 





1 

1 V,n = 3V 
V,n = 5V 

_1 

f 

f 

1_ 


150 


0.2 0.4 0.6 0.8 1.0 1.2 

Load current (A) 

ON Resistance 

(Temperature dependence; SWin = 5 V) 


ON resistance 
(mH) 100 


-25 


50 


0 25 

Ta(C‘’) 

Switch-ONTime 

(Input voltage characteristic: SWi^i s 3 V) 


75 






Vswir 

•sw“ 

;=3v 

1 A 







N 




^ Ta=: 

-25®C 

+25®C 





7 Ta=: 





Ta = 

+75°C 


Switch-ON 
time (|iS) 


50 

500 

400 

300 

200 

100 


Vsv 

*sw 

VIN-5V 
= 1 A 



1 



1 

1 V,n = 3V 
V,n-5V 

_1 



-25 


50 


0 25 

Ta(C°) 

SwItch-ON Time 

(Input voltage characteristic: SW|n s 5 V) 


75 






VsWIN 

•sw=* 



\ 




■ 


V 



^Ta=- 

•25®C 




3 

7Ta = - 

»-25®C 





Ta = 
_1 

gj 


3.0 3.5 


4.0 4.5 5.0 

Input voltage (V) 


5.5 6.0 


3.0 3.5 


4.0 4.5 5.0 

Input voltage (V) 


5.5 6.0 
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Switch-OFF nm® 

(Input voltage characteristic: SWin = 3 V) 

r~”l Vswin = 3V 

lsw-1 A 


Switch-OFF Time 

(Input voltage characteristic: SW|n = 5V) 

VSWIN = 5 V 
ISW - 1 A 


Ta=:-25®C A 30 ^ 

I I Switch-OFF t 
time (^S) 



3.0 3.5 4.0 4.5 5.0 5.5 6.0 

Input voltage (V) 

Switch-ON Time 

(DLY-pin connection capacitance: SW|n » 3 V) 

30.-- 

: VswiN = 3 V 

: isw = 1 A 


\ y Taa-25''C 

10-^;^Ta = +25°C “ 

Ta=:+75°C 

ol-----1- 

3.0 3.5 4.0 4.5 5.0 5.5 6 

input voltage (V) 

Switch-ON Time 

(DLY-pin connection capacitance: SW|n s 5 V) 

)0--- 

: ysw»N = 5V 

; Isw = 1 A 



X V,n = 3V 
N V,n = 5V 


V|N = 3V 

V,n = 5V 


100 1000 100( 

Capacitance (pF) 

Switch-OFF Time 

(DLY-pin connection capacitance: SW|n 3 V) 

: VswiN = 3 V 

; isw = 1 A 


lOO 1000 10( 

Capacitance (pF) 

Switch-OFF Time 

(DLY-pin connection capacitance: SWin s 5 V) 

: yswiN = 5V 

: isw = 1 A 




Capacitance (pF) 


Capacitance (pF) 
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Discharge Resistance 
(DCG voltage dependence: SWout - 3 V) 


Discharge 

resistance 


(kfl) 



DCG voltage (V) 


Discharge 

resistance 


(kO) 


Discharge Resistance 
(DCG voltage dependence: SWqut - 5 V) 



Output Leak Current (at Switch-^FF) 


Input Current (Input voltage dependence) 



SW,N voltage (V) 


Input voltage (V) 


Surge Current and Output Voltage Boot 
(DLY-pin connection capacitance dependence) 


Output GND 

Input GND 
(Surge current) 



Time 


Switch-On resistance 
(relationship between Vin and Vs) 



V|N voltage (V) 


VjN = 0 -> 5 V V: 200 mA/dIv. (surge current) 

SW||s| = 5V V: 1.0V/dlv. (output voltage) 

Load capacitance = 47 |XF H: 200pS/div. (time axis) 
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16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M04) 



a 


.004(0.10) 


.350(8.89) 


REF 


©1993 FUJITSU LIMITED F16012S-4C 


.083(2.10) MAX 


(MOUNTING HEIGHT) 
0(0) MIN 




(STAND OFF HEIGHT) 


«.,«+.016/e ^a+0.40. 

•2^3..oo8<5'«>-0.20> 




.020±.008 
(0.50±0.20) 

fy^+.002/A ^e+0*05v 


I-, 

Details of “A* part 


.008(0.20) 


.020(0.50) 

.007(0.18) 


MAX 

.027(0.68) 

MAX 


Dimensions in 
inches (millimeters) 






DS04-27602-1E 


DATA SHEET 


FUJITSU 


MB3807A ASSP Power Supply bipolar 
Power Management Switching 1C 

(with flash memory power switching function) 


■ DESCRIPTION 

When data is written to or read from flash memory, it requires that the voltage at its power supply (Vpp) be switched 
(to 12 V for writing and to 3.3 or 5.0 V for reading). 

The MB3807A is a power management switching 1C, designed to be compatible with the PCMCIA digital controller, 
to switch the Vpp voltage of flash memory. 

When the switch is turned on, optimum voltage is applied to the gate of the internal charge pump N-ch MOS switch, 
providing a constant amount of ON resistance. The ON resistance is also kept to be low to reduce voltage drop at 
the Vpp pin that is caused by large current flowing when data is written. 

In addition, the OFF time is much shorter than the ON time to prevent short-circuiting between the reading and 
writing power supplies when the device switches the Vpp voltage for reading or writing data (break-before-make 
operation). 

■ FEATURES 

• Switching at low ON resistance 

For writing data: SWIN1 = 12 V, Ron = 0.3 Q 
For reading data: SWIN2 = 5 V, Ron = 6.0 Q 
SWIN2 = 3.3 V, Ron = 8.5 Q 

• Wide range of supply voltages: Vcc = 2.7 to 5.5 V 

• Prevention of reverse current from the load at switch-off time 

• ON time controllable with external pin 

• Break-before-make operation 

■ PACKAGE 



Copyright® 1995 by FUJITSU LIMITED 
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■ PIN DESCRIPTION 


Pin No. 

Pin name 

Function 

1 

ENIa 

These pins turn the corresponding switches on and off depending on the PCMCIA 
compatible signals, as shown in “LOGICAL OPERATION TABLE.” 

9 

EN1b 

2 

ENOa 

7 

ENOb 

4 

SWINIa 

These pins connect the 12-V power supply for writing data to flash memory. When 
the SW1 is turned on, the voltage at the SWIN1 pin is output to the SWOUT pin. 

These pins also serve as power supply pins for the charge pump on the SW1 side. 

For switching, the pins require a voltage higher than Vcc. 

5 

SWINIb 

3 

SWIN2a 

These pins connect the 3.3/5.0-V power supply for reading data from flash memory. 
When the SW2 is on, the voltage at the SWIN2 pin is output to the SWOUT pin. 

These pins also serve as power supply pins for the charge pump on the SW2 side. 

For switching, the pins require a voltage higher than Vcc. 

6 

SWIN2B 

13, 14 

SWOUTa 

These pins are output pins of the switch. A pair of two pins are used commonly as 
either SWOUTa or SWOUTb pins. 

These pins are connected to the Vpp pin of the flash memory. 

11,12 

SWOUTb 

15 

DLYa 

These pins control the switch ON time. 

The ON time is controllable using an external capacitor. 

Leave these pins open when not in use. Note that a voltage of about 25 V is 
generated when the pins are open. Since high impedance is required, be careful 
when mounting the device not to generate current leakage. 

10 

DLYb 

16 

Vcc 

Power supply pin 

8 1 GND 1 

Ground pin 
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■ BLOCK DIAGRAM 


DLY 



■ BLOCK DESCRIPTION 

The SWIN1 and SWIN2 pins are connected to the 12-V and 3.5/5.0-V power supplies, respectively. The SWOUT 
pin is connected to the Vpp power supply pin of the flash memory. 

When conditions, EN1 = "H” and ENO = “L” are established In an attempt to write data to flash memory, the switch- 
on circuit (charge pump) on the SW1 side is activated. 

The charge pump applies optimum voltage to the SW1 gate to turn the switch on, causing the SWOUT pin to supply 
12-V power from the SWIN1 pin to the Vpp pin of the flash memory. On the SW2 side, the switch-off circuit 
discharges the SW2 gate voltage to the GND to turn the switch off. 

Reading data from flash memory assume the conditions ENI = “L” and ENO = “H.” When the conditions are 
established, the switch-on circuit (charge pump) on the SW2 side and the switch-off circuit on the SWI side are 
activated to cause the SWOUT pin to supply 3.3/5.0-V power from the SWIN2 pin to the Vpp pin of the flash 
memory. 

Since the switch-on circuits are powered from the SWIN1 and SW1N2 pins, 80 to 350 pA current flows from the 
SWIN1 and SWIN2 pins to the GND when the switch is turned on. 

The back gate of the N-channel MOS is connected to the GND. This prevents reverse current from flowing at 
switch-off time, regardless of the high potential of SWIN1 or SWIN2 pin and the SWOUT pin. 

The DLY pin is an external capacitance connector to delay turning the switch on. Controlling the switch ON time 
minimizes surge current flowing to the capacitor connected to the load when the switch is turned on. 
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■ ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Conditions 

Ratings 

Unit 

Min. 

Max. 

Input voltage 

ViN 

— 

-0.3 

7 

V 

Switching voltage 

VSWINI 


-0.3 

18 

V 

VsWtN 2 

— 

-0.3 

18 

V 

Switching current 

ISWINI 

Switch‘On peak 

— 

1.5 

1 

A 

ISWIN2 

— 

0.3 

A 

Permissible loss 

Pd 

Ta< + 75“C 

— 

290 

mW 

Storage temperature 

Tstg 

— 

-55 

+125 j “C 


Note: Permanent device damage may occur if the above Absoiute Maximum Ratings are exceeded. Functional 
operation shouid be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reiiability. 


■ RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Conditions 

Values 

Unit 

Min. 

Min. 

Supply voltage 

Vcc 

— 

2.7 

5.5 

V 

High-level input voltage 

VtH 

— 

Vcc X 0.8 

Vcc 

V 

Low-level input voltage 

ViL 

— 

0 

Vcc X 0.2 

V 


VSWINI 

— 

Vcc 

15.0 

V 

Switching voltage 

Switch OFF state 

0 

15.0 

V 

VSWIN2 

— 

Vcc 

6.0 

V 


Switch OFF state 

0 

6.0 

V 

Switching current 

ISWINI 

Switch ON state 

— 

500 

mA 

lSWIN2 

Switch ON state 

— 

100 

mA 

DLY pin capacitance for connection 

Cdly , 

— 

— 

10 ! 

nF 

DLY pin leakage current j 

Idly 

— 

-0.1 ■ 

0.1 

mA 

Operating temperature 

Top 

— 

-40 

+75 1 

°c 
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■ ELECTRICAL CHARACTERISTICS 


1. DC Characteristics (Ta =- 40 °C to+75°C) 


Parameter 

Symbol 

Conditions 

Values 

Unit 

Min. 

Typical*^ 

Max. 

Switch resistance 
(SW1) 

Roni 

VswiNi =: 12 V, IswiNi = 600 mA 
Vcc=3V, 6 V, Ta = +26‘’C 

— 

300 

450 

mQ 

Switch resistance 
(SW2) 

RoN2 

VswiNs = 3 to 5 V, ISWIN 2 = 100 mA 
Vcc=3V2, 5V,Ta = +25‘'C 

— 

6 

10 

Q 

Switch resistance 

Ronti 

VswiNi = 12 V, IswiNi = 500 mA 
Vcc=3 V, 5V 

— 

— 

610 

mQ 

R0NT2 

VswiN 2 s 3 to 6 V, lswiN 2 = 100 mA 
Vcc = 3V,5V 

— 


14 

Q 

High-level input current 

IlH 

Vcc =5.5 V. Vih = 5.5 V 

— 

0 

10 

mA 

Low-level input current 

llL 

Vcc =5.5 V, ViL=0V 

-10 

0 

— 

ma 

Switch-off leakage 
current 


ENO = 0 V, EN1 = 0 V 
or ENO = 3 V, EN1 = 3 V 

VswiNi = 15 V, Vcc=3 V 

— 

0 

10 

mA 

I 

1l2 I 

ENO = 0 V. EN1 = 0 V 
or ENO = 3 V, EN1 = 3 V 
Vswin2=6V. Vcc=3V 

i 

j 0 

10 

pA 

Charge pump driving 
current*^ 

ISWONI 1 

ENO = 0 V, EN1 = 5 V 

Vcc = 6 V, VswiNi = 12 V 

175 

I 350 

700 

pA 

-- j 

lsWON2 j 

1 

ENO = 5 V, EN1 = 0 V 
Vcc=5V,Vswin2 = 5V 

I 

30 

80 

200 

pA 

DLY output voltage 

Vdly I 

Vcc = 5 V, VswiN 2 = 12 V 

— 

24 

35 

V 

Supply current 

1 

Icc 1 

ENO = 5 V, EN1 = 0 V ! 

or ENO = 5 V, EN1 = 0 V | 

Vcc=5V 

60 

100 

300 

pA 


*1: Typical values assume Vcc = TYP, Ta = +25°C. 

*2; The charge pump driving current flows from SWIN to GND when the switch is turned on. 
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2. AC Characteristics (Ta =-40°C to+.75'’C) 


Parameter 

Symbol 

1 

Conditions 

Values 

Unit 

Min. 

Typical | Max. 

ON time 

tONI 

VSWIN 1 12 V, R = 24 Q, Vcc - 6 V 

30 

60 

140 


tON2 

VswiNi = 12 V, R = 24 Q, Vcc = 3 V 

30 

60 

140 

\iS 

tON3 

VSWIN 2 = 5 V, R = 50 Q, Vcc = 5 V 

40 

90 

200 

lis 

tON4 

VSWIN 2 = 3 V, R r: 30 Vcc - 3 V 

200 

400 

1200 

\JiS 

OFF time 

tOFFI 

VswiNi =512 V, R = 24 Q, Vcc = 5 V 

10 

30 

60 

\l$ 

tOFF2 

VswiNi = 12 V, R = 24 Vcc « 3 V 

10 

40 

70 

US 

tOFF3 

VswfN 2 = 5 V, R = 50 Vcc = 5 V 

1 

7 

20 

^is 

tOFF4 

VSWIN 2 = 3 V, R = 30 Q. Vcc = 3 V 

1 

7 

20 

ON/OFF time 
difference 

tHYSI 

— 

29 

53 

130 

\iS 

tHYS2 

— 

29 

53 

130 

\iS 

tHYS3 

— 

30 

60 

190 

\iS 

tHYS4 

— 

190 

360 

12000 

\XS 


Note: ON/OFF time difference: tHvsi = toNi - toFFs 

tHYS2 = tON2 - tOFF4 
tHYS3 = tON3 - tOFFi 
tHYS4 = tON4 - tOFF2 
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■ APPLICATION 


A; Vcc 




Switch On resistance (O) Switch ON resistance (mSi) Switch ON resistance (mO) 


MB3807A 


TYPICAL CHARACTERISTIC CURVES 


ON resistance (SW1) 


Vcc = 3.0V -- 
Vcc=5,0 V — 
Isw SI 500 mA 



ON resistance (SvV2) 



Switching voltage (SWIN1) (V) 

ON resistance (temperature dependence characteristic: SWIN1) 


Vcc = 3.0V — 
i Vcc=5.0V — 

.r.;. Vswini«12V 


Switching voltage (SWIN2) (V) 

ON resistance (temperature dependence characteristic: SWIN2) 


Ta = +75«q 
Tax+is^C 



Vcc=3.0V ■ 
.Vcc-S.OV ' 


VSWIN2. 12 V 





Vcc= 3.0 V --- 

■Vcc=5.0 V- 

VsWIN2= 3 V 


60 

Isw (mA) 


\:Ta = -40°C 
80 1 



10 11 12 13 

Switching voltage (SWIN1)(V) 






























































Charge pump driving current (pA) 


MB3807A 


(Continued) 


Charge pump driving current 


Charge pump driving current 


Vcc=5.0V 

Vswo«t=OPEN 


Ta = -40“C^ 
Ta = -25‘’Cv 




> Ta = +25‘’C 
S' Ta = +75‘’C 


9 10 11 12 13 14 15 

Switching voltage (SWIN1) (V) 


Switch ON time (SW1) 





SWIN1 = 12 V 
Isw * 0.5 A 

— 










4 5 I 

Supply voltage (Vcc) (V) 

Switch ON time (SW2) 

Isw = 100m A 


SWIN2 = 3.0 V 


SWIN2 = 5.0 V 


Vcc»3.0V -- 
Vcc = 5.0 V — 
Isws 100mA 


Ta»-40X, 

Ta»-25®C. 


■ Ta = +25'*C 
fa » +75‘'C 


Switching voltage (SWIN2) (V) 
Switch OFF time (SW1) 



Supply voltage (Vcc) (V) 
Switch OFF time (SW2) 



; lsw= 100 mA 



/ 

1 

1 

i 

/ 

/ 

/ 

= 3.0 V 


SWIN2 = 5.0V 

_^_1 


Supply voltage (Vcc) (V) 


Supply voltage (Vcc) (V) 
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■ ORDERING INFORMATION 


Part number 

Package 

Remarks 

MB3807APF 

16 pin Plastic SOP 
(FPT-16P-M04) 
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■ PACKAGE DIMENSION 
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APPLICATION NOTE 


Prescalers and PLLs 



Fujitsu Prescalers and Phase-Locked Loops 
for VHF and UHF Frequency Synthesis 

A Tutorial with Selection Guides 


Fujitsu Microelectronics, Inc. 

Field Applications Engineering 

Copyright© 1991 by Fujitsu Microelectronics, Inc. 


Abstract 

This Application Note includes a broad introduction to the relevant high frequency synthesis theory and its 
application areas, a description of prescaler and phase-locked loop (PLL) components, and guidelines for 
selecting and designing with Fujitsu's extensive selection of prescaler and PLL IC products. 
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Introduction 

Phase-locked loops (PLLs) and prescalcrs are used for synthesizing and controlling frequencies in a multi¬ 
tude of high frequency systems. These systems range from radio and television broadcasting, cellular 
phones, computer local area networks (LANs), and measurement instrumentation to satellite and micro- 
wave systems. 

Dedicated PLL integrated circuits (ICs) are manufactured in CMOS technology and typically operate in 
the 20-30 MHz range (maximum). Prescalers manufactured in bipolar ECL or Ga As technologies are con¬ 
sidered interface ICs that allow the relatively slower PLLs to accurately control and select frequencies well 
into the microwave range (>1 GHz). 

Fujitsu manufactures a broad range of high frequency telecommunication ICs that includes prescalers, 
PLLs, integrated PLLs, as well as microcontrollers with onboard PLL and prescaler circuits. 

PLL Tuning Systems 

Tuning of teleconununication senders and receivers is, by far, the largest application area for today's PLLs 
and prescalers. High frequency PLLs have largely replaced older methods such as direct tuning an RC or 
LC oscillator to the desired local oscillator frequency. 

At the expense of a quantized (instead of a continuous frequency) resolution, PLLs and the so-called digi¬ 
tal tuning circuits into which they are incorporated provide a cheaper, faster, more compact and reliable 
solution to tuning circuitry. The fact that PLLs only allow selection of frequencies in discrete steps, rather 
than over a continuous range, is not a concern because the available frequencies (for airwaves, long dis¬ 
tance telephone cables, satellites, microwave links, ISDN etc.) are heavily regulated and limited to preas¬ 
signed channel frequencies. 

The frequency position and spacing between channels dcp>cnds on the physical carrier medium and the 
program material involved. For example, U.S. airwaves regulations of the Federal Communications Com¬ 
mission (FCC) specify that: 
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AM radio must be broadcast at 530,540,550 to 1610, or 1620 kHz 
FM radio must be broadcast at 87.9,88.1 to 107.7,107.9 MHz 

TV (channels 2-69) must be broadcast at 55.25,61.25,67.25,77.25,83.25 to 795.25,801.25 MHz. 

These frequencies represent the center frequencies of each channel. The spacing of 10 KHz between as¬ 
signed AM channels, 200 kHz between assigned FM channels, and 6 MHz between assigned TV channels 
reflects the progressively higher bandwidths necessary for FM and TV. 

Other regulated frequencies worth mentioning within the VHF (30 - 300 MHz) and UHF (300 MHz - 3 
GHz) bands include: 46/49 MHz for cordless telephones, 800-900 MHz for cellular phones (also known as 
land mobile radio services), 0.1-1.5 GHz for cable TV and >2 GHz for emerging Digital TV standards and 
Integrated Services Digital Network (ISDN). Fujitsu prescalers and PLL ICs are appropriate for most of 
these applications. 

Figure 1 shows a superheterodyne FM broadcast receiver and some of the involved spectra and frequen¬ 
cies. For an example, let us examine the steps involved in tuning to the FM station at 88.1 MHz. 


■AidL. • • > I Ul I 1^ 


87.9 88.1 88.3 


107.7 107.9 MHz 



\ 


98.8 MHz 



fc = 10,7 MHz 

^ -1 

150 kHz 


Figure 1. A Typical Heterodyne FM Receiver Tuned to the 88.1 MHz Signal 


The antenna is exposed to a multitude of transmission frequencies. In order to retrieve the desired signal, 
several stages of amplification and progressive selective filtration must be applied. In FM broadcasting 
each radio station is allowed to use up to 150 kHz around the assigned center frequency. Since the spacing 
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between the assigned channels is 200 kHz, this leaves a 50-kHz wide isolation gap betweeh the stations to 
avoid a spectral overlap. Thus, a 150-kHz wide filter can be used in the final stage to isolate the desired 
station from all the others. Accurate tuning of such a narrow filter over the 20-MHz wide FM frequency 
range is not an easy task. To achieve accurate tuning, the filter is kept at a constant frequency, the so-called 
Intermediate Frequency (IF), and the desired radio signal is shifted in frequency to fall exactly within the 
filter passband. 10.7 MHz is the broadly used value for IF in commercial FM tuners. 

The antenna signal is converted to a lower frequency by mixing (or heterodyning) with an appropriately 
chosen local oscillator frequency/^oc. A PLL is employed for synthesizing yjoc* order to place the de¬ 
sired radio station (originally located at /,„) exactly at the center of the IF bandpass filter, the PLL frequen¬ 
cy floe must be set so that IF = fioc *“ /m- other words, to tune to the 88.1 MHz signal, a fioc of 88.1+10.7 
MHz = 98.8 MHz is necessary. Tuning to another signal is accomplished by selecting a different fioc- 

An appropriate FM demodulator working at the IF provides the final restoration of the original signal. 

On the sender side (see Figure 2) the sequence is reversed: a modulated IF signal is mixed with the local 
frequency oscillator up to the appropriate channel-frequency and broadcast. 



Near-ideal PSK, PM, or FM demodulators can be implemented with PLLs as well as local oscillators. 


What Is a PLL? 

A PLL is a control loop consisting of a phase detector (PD), low pass filter (LPF), voltage controlled oscil¬ 
lator (VCO), program counter(s), and, as necessary, single- or dual-modulus prescalers. (See Figure 3.) 



Figure 3. A Basic PLL Configuration 

The output of the PD is a voltage indicating the phase difference between its two inputs. 
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The LPF smooths the PD output and determines the dynamic performance of the loop. The dynamic per¬ 
formance includes general servo loop issues, such as the capture and lock ranges, the noise suppression 
bandwidth and the transient response. 

When the loop is out of lock, the PD voltage changes the frequency of the VCO in a direction that reduces 
the phase difference between the input signal and the local oscillator signal. When the loop is locked, the 
signals at both inputs are in phase and have the same frequency. 

Generally speaking, the output of the VCO is considered the desired PLL output. It should be mentioned, 
however, that in some instances (such as when a PLL is used as an FM de-modulator), the filtered output 
of the PD, rather than the output of the VCO, can be viewed as the system output. 

The bandwidth of the low-pass loop filter is crucial to the dynamic- and noise-filtering performance of the 
loop. The two performance requirements are conflicting, since faster lock-up times require wider LP filters 
while better noise characteristics are achieved with narrower filters. Therefore, a reasonable compromise 
has to be met for each application. 

Narrow filter bandwidths provide long-loop averaging times and are useful in applications where a noisy, 
intermittent, or varying reference source must be cleaned up. 

For example, in digital LANs, a PLL is used to regenerate a local clock rate from frame synchronization 
bits, which appear intermittently on most asynchronous communications networks. 

In a similar way, the "flywheel synchronizers" for vertical and horizontal scan in today's TV receivers, are 
operated using PLL circuits. In both cases the "slow" lowpass filter maintains a relatively constant VCO 
frequency between occurrences of synchronization patterns on the input. 

In frequency synthesis applications, the reference frequency source will typically be a high quality, rela¬ 
tively noise-free, crystal oscillator. The loop filter can be extensively wide to provide for fast switching 
times without compromising noise performance. 

A novel approach to PLL design is to electronically bypass the loop filter during the bulk of a frequency 
switching period and then to activate it back into the loop for final lock-in. 

As previously mentioned, the loop filter is the single most important factor in determining the dynamic 
perfornwnce of the servo loop. A thorough theoretical treatment of servo loop analysis is beyond the 
scope of this publication. References 1 through 4 listed in the back of this note are recommended for more 
in-depth information. 

Frequency Synthesis With PLLs and Prescalers 

Figure 4 shows a simple frequency-synthesizing configuration employing a PLL and a single program 
counter. 
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Figure 4. Frequency Synthesis with a Programmable Counter 


When the loop is in lock, the two input frequencies of the PD are equal, hence: 

fref = fo/N<=>fo^N^fref 

A reprogramming of "N" by +1 or -1 will result in selection of a new output frequency with channel sepa¬ 
ration of 

The scheme of Figure 4, although attractive in its simplicity, is only applicable to output frequencies below 
40 MHz, since higher VCO frequencies will exceed the program counter's toggling rate. 

Figure 5 shows a widely used remedy to the high frequency problem: a 2/M prescaler is inserted in the 
feedback loop as a buffer between the VCO and the program counter. This lowers the program counter's 
input frequency to foutIM instead of /out- 



Figure 5. Prescaler Accommodating for a Slow Program Counter 


Figure 5 also shows a reference frequency divider, 1/R, inserted in the reference frequency path to allow 
more flexibility in output frequency programming. Without the reference frequency divider, the presence 
of the prescaler would result in broadening the channel separation to M • fref> A resolution of fref is main¬ 
tained by setting R equal to M. 

In many cases, the scheme of Figure 5 is a satisfactory solution, with one drawback. Compared to Figure 4, 
the operational frequency of the phase detector is lowered by the prescaling factor M. A lowered PD fre¬ 
quency necessitates use of a narrower low-pass filter to suppress spurious output signals from the phase 
detector at the comparison frequency and its harmonics. Especially in very high frequency synthesizers, 
where the divide ratio of the prescaler becomes substantial, the loop's lock-in and switching speed charac¬ 
teristics will be severely degraded as a result of narrowing the lowpass filter. 
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The Pulse Swallow Method 

The widely used "multi-modulus division", also known as pulse swallowing (see Figure 6), offers a solu 
tion to previously mentioned problems. This method employs two programmable counters and a dual 
modulus prescaler inside the loop. (For simplicity the reference frequency divider is not shown.) 



N must be larger than A iN>A). The dual modulus prescaler is initially set to divide by After "A" 
pulses out of the prescaler, the swallow counter is full and changes the prescaler modulus to M. After ad¬ 
ditional (N-A) pulses out of the prescaler, the program counter changes the prescaler modulus back to 
M 4 I, restarts the swallow counter and the cycle repeats. 

In this way each cycle of the I/N counter is a result of: 

A • (M+V + (N-A) • M = N • M+A 
cyc/es of the fpit. 


In other words: 


Since M is multiplied by N, but not A, the frequency will change by fr^f when A is changed by I. In this 
way both the channel separation and the PD frequencies are maintained at fref to provide for an uncom¬ 
promised loop performance. 
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As previously mentioned, more complex variations of the multi-modulus theme include: NjN+Z pres- 
calers (as in MB508 with 128/130,256/258 and 512/514) and quad-modulus schemes involving multiple • 
swallow counters and special prescalers. 

stand-alone PLLs and Integrated PLLs 

Figure 7 shows a general purpose high frequency synthesizer and the functional blocks. These blocks are: 
the PD, the reference counter, the A and the N counters and modulus control logic. The MB87014, manu¬ 
factured entirely in CMOS, includes an onboard 180 MHz prescaler. 



Figure 7. System Blocks 

Advances in recent years in CMOS and BiCMOS (combined ECL and CMOS on one chip) have allowed 
integration of gigahertz prescalers on the same chip as the PLL. The architecture of these integrated PLL 
BiCMOS devices is illustrated in Figure 8. 



Figure 8. Fujitsu’s Integrated PLL ICs 
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Before discussing the blocks on the PLL chip, let us briefly mention the circuits not found on it. As stated 
earlier, the low~pass filter must yield a good compromise between accommodating the desired noise and 
switching characteristics on one side and removing spurious components from the phase detector output 
on the other side. A charge pump output (see Figure 14) from the PLL is provided in most cases, allowing 
direct connection of an external passive RC 

filter. The charge pump output is simply a very high impedance output {Tout ^ ^OOk O) well suited to 
drive high-Q resonant circuits found in the VCO. Optionally, an unbuffered PD output is often also made 
available for connection of custom external active filter configurations. Typical filter bandwidths for fre¬ 
quency synthesis are 1-10 kHz. 

The prescaler and the VCO are the only two devices actually operating at the high output frequency font- 

The VCO is frequently custom made for a specific application. Some popular oscillator types, in order of 
decreasing phase and frequency-stability, but increasing frequency coverage and linearity, are as follows: 

• PLL IC with an on-chip inverter/buffer for an external reference frequency oscillator 

• Voltage controlled crystal oscillator with varactor diode (also known as VCXO) 

• LC oscillator with a varactor diode 

• RC multivibrator 

A list of crystal oscillator and VCXO manufacturers can be found in reference 11. 



Figure 9. Varactor Diode In a VCO or a VCXO 
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Figure 10. A Varactor Diode Acting as a Voltage-controlled Variable Capacitance 
Selecting the Right PLL 1C 

Table 1 lists Fujitsu's family of CMOS PLL ICs and Table 2 lists the BiCMOS integrated PLL ICs. 


Table 1, Fujitsu’s Low Power CMOS PLLs 


Please refer to the CMOS PLL's section. 
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Table 2. Fujitsu’s Super PLLs 


Please refer to the Super PLL's section. 


Selecting A PLL 

The specifications to consider when selecting a PLL are as follows: 

Width of the counters 

The most significant feature of the various PLL devices (since operating speed is practically the same for 
all), is the width of their counters. In general, the width (in bits) of the reference counter determines the 
frequency resolution (^fchannel = Sref!^^ obtainable from the system. The width of the programmable 
counter, (2/N) (see Figure 7) and the swallow counter {IjA) determine the number of channels that can be 
covered. Fujitsu devices are available with up to 18-bit wide combined program and swallow counters, 
and 16-bit wide reference counters. 

Selecting the N and A counters 

It is easily observed from the dual-modulus equation [fout = (N • M+>4) • Afchannel] that A need not as¬ 
sume values higher than the prescaler modulus M, since setting A equal to M+X is equivalent to setting A 
equal to X and increasing N by 1. Hence, all possible channels can be covered in a dual modulus configu¬ 
ration if the programmable swallow counter number (A) is allowed to assume all values from 0 to M-1, 
where M is the modulus of the M/M+1 prescaler: 
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Under all circumstances the condition N> A must be satisfied: 

• ^min * Artor - M-2. 

To select the right PLL counters for your application, supply the information that is requested in the fol¬ 
lowing guide. 

PLL Counter Selection Guide 

1. Identify maximum and minimum output frequency desired, fout^ wax and fout> 

2. Select a MIM+1 prescaler, so that fout, max/^ can be accommodated by the PLL (<20 MHz typically). 

3. Identify desired channel spacing(s), A/channd- 

4. Let >4 = 0, then N;nm — fout, minl^fchannel 3*^^! AWx = fout, maxi^fchannel. 

5. Verify that if not, select a bigger prescaling modulus and go back to s ep 3. 

6. Select an N program counter with enough bit-width to accommodate the value of himax- 

7. Select an A swallow counter with enough bit-width to accommodate the value M-1 ; set all higher 
bits to 0. 

8. Select the reference frequency divider (R) and a crystal reference frequency so that /re//R = Afchannel > 

A Practical Example: Selecting the PLL 1C for an FM Receiver 

We are going to select the appropriate PLL IC and prescaler for the local oscillator of the superheterodyne 
FM receiver shown earlier in Figure 1. In order to receive an FM station at //„, the local oscillator must be 
set to floe = fin + 10.7 MHz. For receiving all FM stations, fioc has to be selectable between 98.6 MHz and 
118.6 MHz in 0.2 MHz steps; that is 101 positions in total. 

To select a PLL for our example FM Receiver, we used the PLL Selection Guide, supplied the required in¬ 
formation (see Example), and selected the appropriate PLL. 

Example 

L font, max = 118.6 MHz fout = 98.6 MHz 

2. Choose the MB503 prescaler (M^I 6) 
fout, max/M = 7.4 MHz < 20 MHz 

3. ^fchannel = 0.2 MHz 

4. ^min ~ foutjninlAfchannel =493 
l^max = fout/naxjAfchannel = 593 

5. N^>16,OK 

6. ^ntax of 593 requires a 10-bit wide N-counter 
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7. Amur of ^5 requires the following: 

• A 4-bil wide (swallow) counter 

• Either an MB87(X) 1A or an MB87006A 

• Choose MB87001A 

8, Choose an f ref of 3.2 MHz and set the R-counter to 16 to yield Mchannel = 0-2 MHz 
Programming of the counters 

In order to preserve board space, all Fujitsu PLLs have serially programmable counters. The divisor val¬ 
ues are fed through a serial pin to a shift register and latched-in with a control pulse. This allows 16-pin 
packaging to be used for all devices. 

Set-up and switching times of the counters and modulus control logic 

These delays are imjxkrtant and can become a limiting factor, especially when operating in pulse swallow 
mode. When the circuit has counted down so that the N program counter is full, the whole counter system 
is reset. The reset function must be completed within the next cycle of the M/M+1 prescaler or, 

freset ^ ^Ifout ,max 

Where tresei equals the sum of propagation delays through the A and N counters, (the required modulus 
set-up time of the prescaler and release time of the modulus control logic). 

Positive or negative edge triggering of counters 

As previously mentioned, when the modulus of a dual-modulus prescaler is changed from 64 to 65, one 
half-cycle of the output (output low) will be extended to 33 input cycles. The other half-cycle will remain 
unchanged at 32 input cycles. 

Therefore, modulus set-up time of the prescaler will be expressed relative to an edge of the affected half- 
cycle (in this case the negative-going edge). If the program counters and the modulus control logic are 
triggered on an opposite edge, valuable set-up time margin will be lost. (See Figures 11 and 12). 

When necessary, insertion of a fast inverter between the prcscaler and the program counter may provide 
some timing relief. 
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Figure 11. PLL Program Counter Triggered by Opposite Edge 



Figure 12. PLL Program Counter Triggered by Same Edge 


Phase detector 

There are some differences between analog and digital phase detectors. 

An analog phase detector works on a so-called integrating multiplier principle (Gilbert Cell multiplier is 
one example) and reflects not only timing differences, but also (if the signals are not purely sinusoidal or 
square) differences in the shape of the input signals. Analog phase detectors can offer superior signal-to- 
noise (S/N) ratios and can react almost instantaneously to minute changes in input waveforms. However, 
they are relatively complex and lend themselves poorly to high speed CMOS integration. 

The digital phase-frequency detector is a simple and extremely fast sequential circuit (4 flip-flops). The 
circuit detects only p)ositive-going threshold crossings and indicates which of the two inputs is ahead of 
the other one. It is not dependent on the shape of the signals. The digital phase-frequency detector is in all 
Fujitsu PLLs. 
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Charge pump 

The single-ended output from the phase detector is called the internal charge pump. The three-state 
charge pump output goes high when f^f >fvco> low when fref < fvco high-impedance state when 

This output can be connected directly to an active or passive external filter. The MB87014 pro¬ 
vides an inverted charge pump output as well. 

The charge pump output is derived from two flip-flops out of the phase detector, and <|)v. In the case of 
MB870O6A, MB87014 and the MB87086^ when the loop is unlocked, the appropriate output terminal, 4)r or 
<j>v, pulls low to indicate which of the two inputs frd or /vco is at a higher frequency. 

The signals <(>r and would normally be considered an intermediate result; however, they are also made 

accessible on two output terminals allowing construction of an external charge pump. 

A charge pump combines the two digital outputs (<))r and <|)v) into one output. (See Figure 13.) The external 
configuration shown here also directly implements the lowpass filter. Note that due to different polarity 
assignments, this configuration is not appropriate for MB87()01 A, 87073,87076, and the integrated PLLs. 
Also note that often a large resistor is inserted following the op-amp output to increase the output imped¬ 
ance. 
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A fast external charge pump implementation appropriate for the MB87001 A, 87073,87076 PLLs, ICs, and 
an integrated PLL is shown in Figure 14. The (})r and (|>v outputs on these devices are of the open-drain 
type. (The rest of the PLL family provides push-pull outputs for 4>r and (|>v.) 

*Note that the remaining Fujitsu PLL ICs (MB87001 A, 87073, and 87076), as well as the single-chip PLL/Prescaler fami¬ 
ly (MB 1500), have a difiereni phase detector design and a different truth table for and 



<j)r 

<|)V 

/r>/v ’ 

Low 

Low 

/r~/v • 

Low 

High-lmpcdance 

fr^fx • 

High 

High-Impedance 


The <|>-outputs of these devices arc open drain. 

An external charge pump allows use of faster transistors or op-amps (higher slew rates) and may offer 
improvement in lock-in performance. 
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Figure 14. External Charge Pump Example 

Charge pump waveforms and ^r and 

As previously mentioned, in the case of MB87006A, 87014 and 87086 (see footnote^ on the preceeding 
page), when the loop is unlocked, the appropriate output terminal, or <t>v, pulls low to indicate which of 
the two inputs fref or f^co is at a higher frequency. This active terminal, <j)r or (jjv, will not stay at a steady 
low but will occasionally toggle to a high state. Basically, its output provides a pulse-width modulated 
representation of the frequency difference between the inputs. 

When the loop is in lock, and <^v will both be in the "high" state. However, synchronously with the 
phase comparison frequency, a short spurious negative pulse will occur at both outputs. 

The same pulse anomalies will also appear on the output from the internal charge pump. One of the tasks 
of the loop lowpass filter is to remove all spurious signals (pulses) from the PD output. The loop filter 
bandwidth must, therefore, always be below the phase comparison frequency. Conversely the phase com¬ 
parison frequency should be kept as high as possible. 

4-bit Microcontrollers with PLLs 

Fujitsu also offers a family of 4-bit microcontrollers, the MB88560 family with an on-chip PLL.The 
MB88560 family consists of two 4-bit CMOS microcomputers: the MB88561 with a liquid crystal display 
(LCD) controller/driver and the MB88562 with a vacuum fluorescent display (VFD) driver. Both devices 
contain 21 I/O lines, an 8-bit timer/counter, an A/D converter with 6-bit resolution, display drivers, and a 
PLL with prescalers suitable for all broadcast and shortwave frequencies. Each device has independent 
AM (up to 32 MHz) and FM (up to 120 MHz) inputs. Up to 4 K by 8-bit ROM space and 256 K by 4-bit 
static RAM space is available on-chip. 

Both chips allow extremely compact designs of car radios, personal stereos, personal communication 
equipment, etc. 
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A two-part MB88560 design guide and a demo board are both available from Fujitsu. 

What is a Prescaler? 

A prescaler is an integrated circuit that divides the frequency of an incoming signal by an integer M (see 
Figure! 5). The divisor, M, is called the Modulus. 

Internally, a prescaler is a specialized ripple counter, which counts incoming pulses and performs one out¬ 
put cycle for every M received input cycle. If M is an even number the output is toggled following every 
M/2 input pulse. For M odd, one of the toggles is delayed an extra input cycle (e.g., 6 input pulses for out¬ 
put high and 5 input pulses for output low for M = II). 



There are distinct differences between prescalers and general purpose divide-by-N counters. We will refer 
to the latter as program counters and substitute the letter N when referring to them for the remainder of 
this text. 

Prescalers are comparatively simple devices. They contain a minimal amount of logic (less than approxi¬ 
mately lOO gates) and offer a few, well chosen modulus numbers. This streamlined architecture allows 
implementation in the fastest bipolar and GaAs technologies without excessive p)ower consumption or 
expense. For example, the MB510 dual modulus prescaler from Fujitsu offers a choice of four divide ratios 
(128,144,256 and 272). Manufactured in 0.8 pm bi]X)lar technology, this 8-pin device is ECL compatible, 
accepts input frequencies up to 2.7 GHz, and dissipates only 0.05 watts of power. 

Program counters, on the other hand, contain a fair amount of programming and decoding logic in order 
to allow a wide selection of N (any value of N between 0 and is made selectable using a q-bit wide 
program input). The relatively high internal gate count generally limits program counters to TTL or 
CMOS technology with toggling speeds of less than 40 MHz. 

The important point to be made is that there is no need to make program counters faster, or prescalers 
more programmable. The distinction between the two types of devices is intentional. Once the frequency 
is brought down sufficiently by a prescalcr, sophisticated frequency manipulation is performed with 
CMOS program counters and a PLL. Prescalers are generally classified as either single or dual modulus. 
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Dual modulus prescalers 

Dual modulus prescalers allow a very rapid transition from a divide-by-M mode to a divide-by-M+I 
mode (e.g., from 64 to 65); hence, they are often also called M/M+I prescalers (64/65). In conjunction with 
PLLs and the pulse swallow method (discussed on page 14), dual modulus prescalers allow finer fre¬ 
quency resolution than single modulus prescalers. 

Single modulus prescalers 

Single modulus prescalers are fixed, or semi-fixed dividers that only divide by a fixed number M. A semi¬ 
fixed single modulus prescaler allows a choice of more than one modulus (e.g., 32,64 and 128), but is not 
necessarily optimized for fast switching between moduluses, and the modulus choices are not spaced one 
apart. 

Less common varieties of prescalers include: 

• M/M+Z (where \) dual modulus prescalers 

• Four modulus prescalers 

• Decimal single modulus prescalers 
Figure 16 shows Fujitsu's bipolar prescaler ICs. 
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Please refer to the Quick Section Guide 
In the front of this databook. 


Figure 16. Selection Guide to the Fujitsu Bipolar Prescaler Family 

Microwave Prescalers 

Microwave prescalers manufactured in Ga As technology are available from specialized vendors, includ¬ 
ing Fujitsu. The microwave prescalers have frequencies above 3 GHz (microwave range) and toggle 
speeds of up to 10 GHz. The cost of GaAs parts, however, is considered high when compared to ECL bi¬ 
polar parts. 

stand-alone Prescaler Application 

Prescalers can be used as stand-alone components without a PLL. 

A stand-alone application does not involve feedback of signals around the prescaler. The most common 
stand-alone application for a prescaler is in digital clock distribution networks, where a prescaler simply 
reduces an incoming clock rate and distributes it to slower analog or digital circuitry. (See Figurel7.) 
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Figure 17. A Stand-alone Application of a Prescaler: Clock Rate Reduction 
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Prescalers offer several advantages as stand-alone elements. For example, consider an application that 
requires a high quality 1-MHz reference signal. For this application, a straightforward, high quality 
1-MHz crystal oscillator might seem the most obvious choice; however, the highest quality will be 
achieved with a higher frequency reference signal (10 MHz) followed by a prescaler (1/10). This applica¬ 
tion is preferred because of the following reasons: 

• Crystal resonators with higher oscillation frequency tend to have smaller dimensions, shorter oscilla¬ 
tion stabilization times and narrower characteristic variations. 

• A prescaler will clean up the incoming high frequency signal in two ways: 

- It will totally remove variations in the amplitude noise (amplitude envelope of the incoming sig¬ 
nal), since its output amplitude is independent of the input. 

- It will reduce the phase noise (jitter of zero-crossings) of the incoming signal by approximately a 
factor of M since its output only switches synchronously with one out of every M/2 input pulses. 

The above reasons apply up to a certain point, or as long as the prescaling factor is moderate. The fre¬ 
quency of the crystal should not be increased to the point where RF shielding or board layout has to be 
changed. Increasingly small dimensions or the price of the crystal can also become a problem. 

Numerous digital LSI ICs take advantage of the beneficial properties of prescaling; e.g., they have on¬ 
board prescalers that allow a direct connection of high frequency crystal clocks to slower internal logic. 
For example, Fujitsu's line of 4-bit microprocessors offers a built-in, divide-by-2 prescaler as a recom¬ 
mended option. This option allows the user to drive the 2-MHz internal logic with a 4-MHz crystal rather 
than a 2-MHz crystal. With this option, the 4-MHz crystal clock will turn on and be fully operational (as 
well as recover from any external disturbances) in half the time required for a 2-MHz crystal. 

Selecting the Right Prescaler 

To select the appropriate prescaler, first determine the necessary modulus choices and input toggling 
speeds. 

Toggling speed 

One should be aware that a 1-GHz {fin,max typically) prescaler does not abruptly stop functioning when 
fed frequencies above 1 GHz. The 1-GHz prescaler will typically require higher input levels to trigger, and 
it may deliver a smaller output swing, but typically it will function up to a 20-50 percent higher fre¬ 
quency. See Figure 18. 

These characteristics are important, since frequency switching in a PLL is normally accompanied by a fair 
amount of overshoot. A VCO intended to stabilize at 1 GHz may reach, for example, 1.4 GHz before set¬ 
tling down. It is important that the loop (including the prescaler) remains functional during that period. 
Charts like Figure 18 can be helpful in verifying such cases. 
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Figure 18. Input Signal Amplitude Versus Input Frequency for MB509 Dual Modulus Prescaier 


Prescalers with higher frequency ratings will typically be associated with higher power dissipation and 
higher switching noise. For example, measurements of gallium arsenide dividers suggest noise perform¬ 
ances 20 to 30 dB worse than for ECL dividers (reference 10). 

Also note that the input coupling capacitance of a prescaler will limit the lowest useful frequency. 
Termination resistor internail external 

All Fujitsu prescalers, except MB501LV, MB504LV, MB501SL, MB509, and MB510 have an open emitter 
output. Typically a 2.2k resistor to ground for a load capacitance of 12 pF is recommended. By choosing 
a smaller or a larger external resistor, the prescaler's output can be tailored to drive higher or lower loads, 
respectively. 

The prescalers with on-chip termination can drive output load capacitances of up to 8 pF undistorted. A 
shunt resistance can be added for driving larger loads. 

In some situations it is desirable to "overdesign" the termination resistor. The linaitcd current driving abil¬ 
ity will tend to smooth the output signal, thus reducing its harmonic content and switching noise induced 
into supply lines. 



March 1991 

Fujitsu Microelectronics, Inc. 


Prescalers and PLLs 
Tutorial and Selection Guide 


Stability of Vgut 

One of the purposes of prescaling is to eliminate amplitude modulation from the output of the VCO. 
Therefore, it is absolutely mandatory that the output high and low are stable and guaranteed over a wide 
range of Vjn, Vco and temperature. 

Flexibility of the input voltage 

A prescaler should be able to toggle properly with relatively widely varying input voltage levels (any¬ 
where between 0.15 to 2 Vp-p for the Fujitsu MB 504), while maintaining a constant output level. 

ECL level 

For most Fujitsu prescalers the maximum allowable input voltage swing is 2 Vp-p. This means that a typi¬ 
cal TTL voltage swing of 3 V will overload the prescaler, whereas ECL voltage levels can be accommo¬ 
dated without problems. The outputs of the prescaler are ECL compatible, too. 

The statement 'The outputs are 1.6 V peak on ECL level" found on the data sheet for MB501,503,504 etc. 
means that Fujitsu prescalers do not require negative supply voltages. In this sense they are not "true" 
ECL devices. 

Flexibility of Vcc 

A wide operational range of Vcc is essential (2.7 V to 4.5 V, 3.0 V typical for MB501LV), if a prescaler is to 
be used in a battery-powered system. Most Fujitsu prescalers, except the low voltage (LV-suffix) types 
which operate from a 3 V supply, operate from a single 5 V supply. The integrated PLLs, MB1501 and 
MB1504, however, operate from a 3 V supply (a higher supply voltage between Vcc and 8 V is required 
for the chaise pump circuit). 

Modulus set-up time 

The time from application of appropriate voltage to the modulus select pin to appearance of the correctly 
prescaled waveform at the output is 10-50 ns. As previously discussed in the PLL section, fast modulus 
set-up times are necessary for correct implementation of the pulse swallow method. 

Input impedance and reactance 

Excessive reactance may affect performance of the VCO and require buffer circuitry between it and the 
prescaler. For veiy high frequencies (> 500 MHz), the input impedance should be given on a Smith chart. 
The nominal input impedance of Fujitsu's high frequency prescalers is 50Q. 

Smith chart 

Signals on a printed circuit board travel at approximately 2/3 the speed of light. This means that at fre¬ 
quencies above 500 MHz, the signal wavelengths become less than 0.4 m and comparable in size to the 
board itself. At this point, circuit board traces start acting as transmission lines; i.e., the RMS voltage level 
will vary along the trace unless impedances of the termination and the trace are matched. 

A Smith chart is a graphical impedance representation widely used in transmission theory. It is a tool al¬ 
lowing an easy assessment of impedance mismatch. 
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The chart consists of two sets of circles: the constant resistance circles (see Figure 19) and the constant re¬ 
actance circles (see Figure 20). The values of these circles are normalized to the characteristic impedance of 
the system by dividing the actual value of resistance or reactance by the characteristic impedance, for ex¬ 
ample, in a 50 system, a resistance of lOOW is normalized to a value of 2.0. 

A further series of circles may be plotted on the chart; these are the circles of constant voltage standing 
wave ratio (VSWR) and represent the degree of mismatch in the system. The VSWR is the ratio of the de¬ 
vice impedance to the characteristic impedance. It is always expressed as a ratio greater than 1 (a 25 
device in a 50 H system gives rise to a 2:1 VSWR). See Figure 21. 

Packaging 

All Fujitsu prescalers are available in 8-pin DIP or surface mountable 8-pin plastic flat packages. Space 
saving and better stray capacitance performance are obtained with surface mounting. 

CMOS PLLs and BiCMOS integrated PLLs are available in 16-pin DIP and Flatpacks. 
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Figure 21. Input Impedance of Fujitsu’s MB501L Dual Modulus Prescaieras a Function of 
Frequency Shown on a Smith Chart 
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Signal propagation delay through the prescaler 

Although a signal delay through the prescaler will affect the lock-in times of the loop, the prescaler is, in 
this respect, of little importance relative to the loop lowpass filter. Extensive phase shifts between the in¬ 
put and the output of the prescaler may, however, affect the PLL stability. 

High capacitive loading will typically be the main cause for delays. This situation can be remedied by de¬ 
creasing the output termination resistor value, thereby improving drive performance. 

Self-oscillation problems can be caused by p)Oor grounding, lack of decoupling, or cross-talk due to board 
layout. Fujitsu prescalers are guaranteed to be non-oscillatory under most conditions. 

Balanced inputs 

The ability to drive balanced inputs can be beneficial at high frequencies. All Fujitsu prescalers offer com¬ 
plementary inputs. The prescaler outputs, however, are single ended as they are intended to drive single- 
ended PLL inputs. 

Output duty cycles 

The output duty cycle should be 50 percent when the modulus is an even number (such as three input 
clock periods high and three input clock periods low for division with modulus 6). Division by an odd 
number should cause minimal deviation from 50 percent duty cycle (such as four input clocks high and 
three input clocks low for division with modulus 7). Rise and fall times are, of course, load dependent and 
deviations from idealized waveforms will occur. Also, clearly specify which of the output half-cycles (out¬ 
put low or output high) is the one that is extended in the M+1 mode of a dual modulus prescaler. 

Power dissipatwn 

Thanks to a proprietary, "third generation," 0.8 p.m emitter self-align and polysilicon electrode and resis¬ 
tor (ESPER) manufacturing technology, Fujitsu can offer bipolar prescalers with the most beneficial fre¬ 
quency rating/power dissipation ratio available. See Table 3. 
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Conclusion 

For further technical assistance and product information, including updates, please contact your nearest 
Fujitsu Microelectronics Sales Office. You will find a listing of the offices at the back of this paper. 
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1. Introduction 

The application of 800-900 MHz SAW filters as RF filters has contributed to the 
recent miniaturization trend in portable telephone terminals''*®. SAW filters merit 
attention for their small size and sharp transition-band characteristics, and will 
find increased application for further reductions in size and power consumption 
and the higher sensitivity of portable telephone terminals. For example, an 
antenna duplexer implemented with SAW filters would greatly contribute the size 
reduction of telephone terminals. The conventional SAW filter's potential to 
implement these improvements will require work to decrease its insertion loss, 
obviate an external matching circuit, and increase its power handling ability. 

These problems are difficult to solve with conventional transversal filters having 
the interdigitated interdigital transducer (IIDT) structure. From 800 to 900 MHz, 
the experimental insertion loss limit for IIDT filters is 3 to 4dB with an external 
matching circuit The input or output impedance of IIDT filters is usually 
capacitive because of the large number of finger pairs and the high relative- 
permittivity of substrates such as LiTaOs. Hence, conventional IIDT filters need 
inductive external matching eiements. To overcome these limitations, we 
investigated the resonator-type SAW filter having a ladder structure similar to the 
ceramic or crystal filter. This filter can have a low insertion loss and does not 
require an external matching circiut, but the connection of many resonators 
increases tuning difficulty and size. Fortunateiy, these problems are resolvable 
with high-frequency SAW resonators because their frequency of resonance is 
controllable in the photolithographic fabrication process, and filter size remains 
small due to the short period of the IDT at high frequencies. 

2. Principles 

In the basic section of a ladder resonator filter (Figure 1), the impedance of the 
series-arm resonator (Zs) and the admittance of the parallel-arm resonator (Yp) 
are given in the following equations, assuming that they include no resistance: 

Zs = jXs (1) 

Yp = jBp (2) 

The variations of Xs and Bp as a function of frequency are graphed in Figure 2. 
Here, the antiresonance angular frequency of the parallel-arm resonator (wap) 
nearly equals the resonance angular frequency of the series-arm resonator (wrs). 


The image transfer constant (y) of the 
basic filter section (Figure 1) is 
expressed with Xs and Bp in the 
following equ ation: _ 

tan h (y) = V Bp*Xs / (Bp»Xs -1) (3) 

According to the theory of image- 
parameter filters, the basic section in 
Figure 1 shows a passband 
characteristic when equation 3 has an 
imaginary number. It does, however, 
show a stopband characteristic when it 
has a real number. Therefore, condition 
0 < Bp»Xs < 1 gives the passband, and 
condition Bp»Xs > 1 or Bp»Xs <0 gives the 
stopband (Figure 2). The vicinity of 
center frequency ox) (= ws = aap) results 
in a passband and both sides out of a 
passband result in stopbands. Since Xs 
and Bp nearly equal to zero in the vicinity 
of the center frequency, the insertion 
loss is supposed theoretically to be zero 
and the input/output impedance equal to 
the line impedance. 

3. Simulation 

We developed a simulation tool for the 
resonator-type filter based on the 
Smith's equivalent circuit model'^’. We 
modified its 3 x 3 admittance-matrix 
expression to a 4 x 4 chain-matrix 
expression as previously 
demonstrated'*’. The equivalent circuit 
used in our simulation (Figure 3) 
includes the electrode resistance R'®’. 
We assumed an electrode line and 
space ratio of 1:1. In this simulation, we 
added the following electrode effects to 
the previous simulation'^ : 

(1) Aperture length of IDT: W 

(2) Thickness of IDT: h 

The aperture length of IDT W affects 
static capacitance Co and resistance R of 
one finger as given from the following 
equations: 

Co =We. Ve.. 633 /2 (4) 

R =4Wpo/(p.h) (5) 

Here, 

po = 9 ♦cm (AI-2% Cu, at 1 GHz) 
Eli £33 I Dielectric tensor components 
of the substrate 
p: IDT period 


Zs=jXs 

Cos 

Hh 


Lis Cis 


Mp 

Oip 


^Yp-jBp 


j-Cop 


Fig.1 Basic section of a ladder filter 



Fig.2 Bandpass filter using two kinds 
of SAW resonators 



Fig.3 Equivalent circuit of IDT 
developed by Smith 
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The actual value of Co is about 2 x 1 0-2 
pF per a finger of 100-tim length on 
LiTaOs crystal. The effect of W on wave 
diffraction was not considered in our 
simulation, given that W is sufficiently 
large for diffraction. 

The thickness of the electrode h affects 
the bulk wave radiation and the center- 
frequency shift i.e. mass loading effect 
as well as R in equation 5. 

Because bulk wave radiation occurs 
mainly under the electrode, an acoustic 
transmission line supposedly has lossy 
paths under there. The series-arm 
impedance (Za) and the parallel-arm 
impedance (Zb) of an acoustic 
transmission line under the electrode 
are replaced (Figure 3) by'** 

Za = Zm tan h (em/2) (6) 

Zb = Zm cosec h (em) (7) 

where 

6m = am Im + j Pm Im 

Im: Width of the finger electrode 
am : Attenuation constant / finger 
pm; T» « f p / 2 Vo 
Tv = V, /Vm 

Vo: Acoustic velocity of the free surface 
Vm: Acoustic velocity of the metal surface 
Zm: Acoustic impedance under the metal 
The value of am was assumed 
proportional only to h, and its actual 
value was determined by fitting to the 
experimental value. The frequency 
dependence of am is neglected in this 
study. 

The filter's center-frequency shift is due 
to the shift of the synchronous frequency 
of IDT (fs) given by the equation'®* 

fs = 1/2(lm/Vm + lg/Vo ) -' 

= 2(Vo /p)/(1+T.) (8) 

where 

Ig : Length of the gap between electrodes 
From equation 8, note that fs varies 
towards the lower frequency with 
increasing tv. Since the relationship of t. 
to h is not clear, we tried experimentally 
to determine it for a 36°y-x LiTaOs 
crystal. We first measured the acoustic 
velocity under the metal film, obtaining t. 
as a function of the normalized thickness 
h/x (dashed line. Figure 4). However, the 
linear variation of t« did not agree with 
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Fig.5 Filter structure consisting of three 
sections 


(a) S21 



Frequency (MHz) 



(c) S22 



Fig.6 Comparison of the simulation 
(solid lines) and experiment 
(broken lines) 







the actual center-frequency shift. We then measured the resonant frequency of 
one port resonator for various thicknesses and derived x. under IDT from it. 
Results are plotted by the solid line in Figure 4. The relationship of x« to the 
thickness under the IDT is obtained experimentally as 

Tv = 1 + A + B(h/x) + C{h/x)2 (9) 

Here, A=0.022, B=0.413, and C=7.66. We used this relationship for the 
simulations. 

In the circuit comparing experimental and simulation results (Figure 5), each 
basic section is connected alternately to match image-impedances. Bonding wire 
inductance is about 1.5 nH. The structure had 150 finger pairs, 60 pm aperture, 
and 4.12-pm periods in the series-arm resonators, and 40 finger pairs, IBO-pm 
aperture, and 4.30-pm periods in the parallel-arm resonators. Each SAW 
resonator had short-terminated reflectors. Results of comparison are shown in 
Figure 6 when h/^ is 0.073, am is 0.1X(h/X) neper/finger, and k2is 7.5%. We fitted 
k2 to the band width in passband and am to the insertion loss in the actual device. 
As shown, we obtained good agreement for three S-parameter sets. 


4. Filter design 

We used a simulation tool developed to investigate design rules for the 
resonator-type filter. The following parameters were important for controlling filter 
characteristics: 

(1) Static capacitance ratio (Cop/Cos) of the parallel-arm resonator(Cop) to the 

series-arm resonator(Cos) _ 

(2) Static capacitance value for each o t. ' .I 


individual resonator(Cop,Cos) 

In designing filters, the static 
capacitance is determined by the 
product of finger pair number and 
aperture length W. 

First, the static capacitance ratio 
(Cop/Cos) controls the insertion loss and 
stop band rejection -a tradeoff (Figure 
7). This tendency is the same in a 
ceramic filter. If filter specifications call 
for a low insertion loss, we should select 
the lower value of Cop/Cos: for a high 
stop-band rejection, we would choose 
the higher Cop/C OS . 

We next found that the filter's 
input/output impedance can be 
controlled by changing the values of Cop 
and Cos, while keeping the value of 
Cop/Cos constant. Figures 8 to 10 show 
the variation of S parameters (S 21 and 
S 11 ) when Cop and Cos are increased 
and Cop/Cos=0.75. Small dotted circles in 
the S 11 charts indicate the borderline of 
r=0.33 (SWR=2.0). When the Sn values 
of the passband are within these circles, 
the filter is in the matching condition. 
Figures 8 and 10 show the unmatched 



Fig.7 S 21 dependence on static 
capacitance ratio Cop/Cos 

(a) S21 (b) S11 




Fig.8 S-parameter characteristics 

under Cop=1 .6 pF and Cos=2.l pF 







condition, while Figure 9 shows the 
matched condition. Therefore, Cop and 
Cos can be combined to optimize 
impedance matching (the shaded area 
in Figure 11). Figurell(a) is for a 933- 
MHz filter and (b) is a 1.5-GHz filter. 
Optimum values of Cop and Cos exist for 
almost all practical Cop/Cos values to the 
matching condition. 

We considered the matching condition 
mechanism using a simple model. Since 
the resonator-type filter is simply 
expressed by the LC equivalent circuit 
(see Figure 1), each resonator's 
impedance, Zs and Zp, is given by the 
following equations, using the symbols 
from Figure 1, 

Zs=(to2-cOrs2) / j(oCos((o2-(Oas2) (10) 

Zp=(C02-t0rp2) / j(0Cop((02-(0ap2) (11) 

where 

(Ors=1/ V Lis Cis' 

Resonant angular frequency 
of the series-arm resonator 

f0as=Wrs(1 +Cis/2Cos)- 

Antiresonant angular frequency 
of the series-arm resonator 

00 rp“ 1 ^f- 1 p Cipl 

Resonant angular frequency 
of the parallel-arm resonator 

COap=OJrp('l +Cip/2Cop)' 

Antiresonant angular frequency 
of the parallel-arm resonator 
For the matching condition of the 
constant K-type filter, the following 
relationship must be satisfied: 

ZsxZp=R2 (12) 

As shown in Figure 2, the following 
relationships is assumed, 

C0ap~fbrs~ (Oo, COq (Orp^COas COo 

2C0o » AtO, Aa@(C0as-Wrp) / 2 (13) 

where ©o is the center frequency of the 
filter. From equations 12 and 13, the 
relationship becomes: 

R2= l/(COo2CosCop) (14) 

The relationship of equation 14 is plotted 
by the solid line in Figures 11a, and b. 
Note that the matching areas shaded 
agree well with the equation 14, except 
for high Cop/Cos values. 
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Fig.9 S-parameter characteristics 

under Cop=2.7 pF and Cos=3.6 pF 
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Fig. 10 S-parameter characteristics 
under Cop=3.7 pF and Cos=5.0 pF 



(a) fo = 933 MHz 



Cos (pF) 


(b) fo=1.5GHz 



Fig.l 1 Optimum relations between Cop 
and Cos for impedance matching 







5. Low-loss RF filter development 

We designed and fabricated RF filters for portable telephone terminals using the 
rule we obtained on static capacitance. We used an Al-Cu sputtered film for the 
electrodes and a 36®y-x LiTaOa crystal for the piezoelectric substrate. As an 
example, Figures 12 and 13 show the S 21 and SWR characteristic of a SOO-MHz 
filter designed under capacitance conditions of Cop=3.0 pF. Cos=:3.2 pF, and 
Cop/Cos=0.94. For comparison, the same characteristics of a conventional IIDT 
filter are also shown. Note that the insertion loss of the resonator-type filter is 
improved by 2 dB and that its SWR Is less than 1.9, indicating no need for an 
external matching circuit. Figures 14 and 15 show the S 21 and SWR characteristic 
of a 1.5-GHz band filter fabricated using an i-line stepper. The capacitance 
values are Cop=2.26 pF, Cos=1.6 pF, and Cop/Cos=1.4, giving us low-loss 
characteristics (IL<2.5 dB) and the matched condition (SWR<1.5). These filters 
are mounted in a 3.8 x 3.8 x 1.5 mm ceramic SMT package (Figure 16). 

6. Conclusion 

We investigated a bandpass filter using SAW resonators with a ladder structure. 
To calculate optimum design conditions, we developed a detailed simulation tool 
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filters for portable telephones 


Fig.13 SWR characteristics of 900-MHz 
filters for portable telephones 



Fig. 14 S 21 characteristics of 1.5-GHz 
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Fig.15 SWR characteristics of I.S-GHz 
filters for portable telephones 
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which considered the aperture and electrode thickness. We fabricated 900-MHz 
and 1.5-GHz bandpass filters as examples, and confirmed that the insertion loss 
decreased compared to that for conventional IlDT filter, and that the input or 
output impedance was nearly 50 fl. These features will be useful in the 
development of advanced portable telephone terminals. 
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T. Matsuda, H. Uchishiba, O. Ikata, T. Nishihara and Y. Satoh 

FUJITSU LABORATORIES LTD. 
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Abstract 

This paper describes L and S band iow-loss filters 
using one-port SAW resonators in a ladder circuit 
structure. Four kinds of filters were developed. 
Three types have a wide frequency band, with 
fractional bandwidth of about 4%. A 36° y-x LiTaOa 
substrate was used for these. The last type of filter 
has a narrow frequency band, with 0.03% of 
fractional bandwidth, and used an ST-cut quariz 
substrate. To design these ladder type SAW filters, 
several important factors were considered, the 
static capacitance of IDT, the period of IDT and film 
thickness. For fabrication, i-line stepper and 
reactive ion etching was used to delineate fine IDT 
patterns with line and gap width of 0.4 to 0.7 pm. 
Minimum insertion losses of 2 dB were obtained for 
the three wide band filters. The insertion loss of the 
narrow band filter was 6 dB. The input and output 
impedance of these filters were 50 Q. The fitters 
were mounted in 3 mm x 3 mm x 1 mm or 3.8 mm x 
3.8 mm x 1.5 mm SMT packages. 

1. Introduction 

The worldwide spread of the mobile 
communication systems has increased the demand 
of SAW filters and this market will extend in the 
future. In order to accept a large number of 
subscribers, the frequency band of mobile 
communication systems has become higher. The 
recent increase in data communications has given 
further impetus to this market. For example, the 
personal digital cellular (PDC) in Japan uses the 
frequency range around 1.5 GHz. personal 


communication network (PCN) in Europe around 
1.8 GHz, and wireless LAN system around 2.4 GHz. 
The filters used in these systems are required to 
have low-loss, wide band and sharp band edge 
characteristics with small package size. The ladder 
type SAW filters reported previously^l-^i are suitable 
for these requirement. Figure 1 shows the filter 
frequency versus its fractional bandwidth, and 
areas which have been realized by using ladder 
type SAW filters. The 800 MHz filters for use in 
advanced mobile phone systems (AMPS) were 
reported in the previous paper^). In this paper, 
these same techniques are applied to L and S 
band filters with a wide range of fractional 
bandwidths. 



Frequency (GHz) 

Figure 1 Filter frequency versus its fractional 
bandwidth. The shaded areas closed by solid line 
are described in the present paper. 
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2. Filter specifications 

Japanese PDC, European PCN and wireless LAN 
were selected as targets for the wide band filter 
application. These three filters used LiTaOaas a 
substrate. For the narrow band pass filter 
application, the timing filter of HDTV was developed 
by using a quartz substrate. Table 1 shows these 
filter specifications. As shown in Table 1, each 
specification of four systems has a different design 
difficulty. PCN in Europe requires the widest 
fractional bandwidth of 4.3%. Wireless LAN in 
Europe requires high stopband rejection with wide 
bandwidth. HDTV requires the narrowest fractional 
bandwidth of 0.03%.. 


3. The design of wide band-pass fitters 
Figure 2 shows the outline of a one-port SAW 
resonator and the these basic ladder circuit 
structure used. As suggested in the equivalent 
circuit of Figure 2. the one-port SAW resonator has 
dual resonance frequencies. In the ladder type 
filter design, the anti-resonance frequency of the 
parallel arm resonator nearly coincides with the 
resonance frequency of the series arm resonator. A 
number of basic ladder circuits are connected so as 
to minimize the impedance mismatching as shown 
in Figure 3. The character L in Figure 3 indicates 
the inductance of the bonding wire used in the 
connection to the SMT ceramic package. The 
resonance frequency of each resonator is designed 
by the period of IDT. In the design of the ladder 
type filter, the important factors that effect the filter's 
characteristics are described in the following 
example of the PCN filter design. 

Table 1 SAW filter specifications 


lt«m 

PDC in Japan 

PCN in Europe 

Wireless LAN 
in Europe 

TinwigfMlar 

terHOTV 

Center 

Irequency 

T*:1 441 GHz 

Rx 1 489 GHz 

Tx:1 7475 GHz 
Rx:1 8425 GHz 

2.45 GHz 

1485 GHz 

BsnckMidth 

24 MHz 

75 MHz 

100 MHz 

400 kHz 

Inserton loss 
albetHAundSi 

3de 

4dB 

SdB 

7dB 

Stopbar^ 

anenuation 

30 dB 

20 dB 

40 dB 

32 dB 


(1) Resonators' capacitance product (CsCp) 

When the series arm resonators' static 
capacitance and the parallel arm resonators' static 
capacitance are symbolized as Cs and Cp 
respectively, the product of Cp and Cs can control 
the input and output impedance of the ladder type 
filters^ l as the equation. 

CpCs*1/(a)o2R2) (1) 

Here, oio is the center angular frequency of the filter 
and R is the line impedance which is usually 50 Q. 
This relationship is plotted in Figure 4 for the center 
frequency (fo) of 1.5 GHz. 1.8 GHz. 2.4 GHz. The 
higher fo. the smaller the value of CpCs becomes. 
The static capacitance value is determined by the 
product of aperture length and finger pair number of 
IDT. Therefore, the small static capacitance results 
in the small size of IDT, that is. the small chip size. 
The ladder type SAW filter is suitable for high 
frequency filter in view of the package size. 


Resonator 



a) A SAW resonator 

and its equivalent circuit. 


(b) A basic ladder 
circuit structure. 


Figure 2 The outline of a one-port SAW resonator 
and a basic ladder circuit structure used. 


Li ' ' ' ' U 



I I I 


Figure 3 A filter structure connecting three basic 
sections. The character L indicates the inductance 
of bonding wire. 
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Figure 4 Optimum relations between Cp and Cs 
for impedance matching. 



Cp/Cs 


Figure 5 Dependence of bandwidth, the stopband 
attenuation and minimum insertion loss on Cp/Cs in 
the frequency range around 1.8 GHz. 



AX (^m) 


Figure 6 Dependence of band width and SWR on 
AX in the frequency range around 1.8 GHz. 


(2) Resonators’ capacitance ratio (Cp/Cs) and the 
number of basic ladder circuits 

The filters’ insertion loss and stopband attenuation 
are affected by the ratio Cp/Cs. Figure 5 shows 
dependencies of the bandwidth, the stopband 
attenuation and the minimum insertion loss on 
Cp/Cs in the frequency range around 1.8 GHz. As 
shown In Figure 5. if Cp/Cs becomes larger, 
bandwidth Is narrower. The minimum insertion loss 
didn’t change, but the nominal insertion loss 
averaged over the passband increased. It is 
necessary for the PCN specification that the 
stopband attenuation is larger than 20 dB and the 
bandwidth is wider than 82 MHz over a temperature 
range of -30 to 70 °C. It is noticed in Figure 5 that 
both the stopband attenuation and bandwidth 
specifications can’t be satisfied together. A new 
development to solve this problem is described in 
the later section. 

The number of basic ladder circuits show the 
same characteristics as Cp/Cs. By increasing the 
number, the stopband attenuation is improved, the 
insertion loss is increased and the bandwidth 
becomes narrower. 


(3) The difference of period, AX 
The anti-resonance frequency of the parallel arm 
resonator and the resonance frequency of the 
series arm resonator are controlled by AX which is 
the difference between IDT periods of the parallel 
arm resonator and the series arm resonator. The 
anti-resonance frequency of the parallel arm 
resonator doesn’t need to be equal to the 
resonance frequency of the series arm resonator. 
The passband can be extended by increasing AX. 
The standing wave ratio (SWR), however, becomes 
larger by increasing AX. Figure 6 shows 
dependence of SWR and bandwidth on AX in the 
frequency range around 1.8 GHz. When the limit of 
SWR is less than 2.0, the bandwidth is limited to 70 
MHz which is insufficient for the PCN specification. 



(4) Film thickness, h 

The number of basic ladder circuits. AX and Cp/Cs 
are related to each other as described above and 
the wide band filter for PCN can’t be realized by 
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adjusting these factors. However, 
electromechanical coupling factor (k^) of the 
piezoelectric substrate was noticed to relate the 
fractional bandwidth. If is larger, the bandwidth is 
wider. The electromechanical coupling factor is 
given in the following equation. 

k2*2(Vo-V„,)/Vo (2) 

Here. 

Vo: free surface velocity 

Vm: metal surface velocity 

As apparent in this equation, if become slower, 
k2 become larger. The thicker film thickness of IDT 
is available to make V^ slower, but the nominal 
insertion loss may be increased by making the 
electrodes thicker. Figure 7 shows the 
experimental dependence of bandwidth, insertion 
loss and SWR on the film thickness. The values of 
Cp/Cs and AX were constant in Figure 7, but the 
passband was extended and SWR became less 
than 2.0 by increasing the film thickness. Contrary 
to the anticipated result, the insertion loss didn't 
deteriorate for these film thicknesses. The reason 
for this characteristic may be that the insertion loss 
is recovered by increasing k2 through making the 
electrodes thicker. For further increasing the film 
thickness, the insertion loss will deteriorate due to 
bulk wave radiation. For PCN specification, a 
sufficient bandwidth (85 MHz) and an SWR (<2.0) 
are obtained at 0.2 pm film thickness. 



Film thickness (^m) 


Figure 7 Dependence of bandwidth, insertion loss 
and SWR on the film thickness in the frequency 
range around 1.8 GHz. 


4. The design of a narrow band-pass filter 

This filter used an ST-cut quartz as substrate and 
SH-type SAW3). jhe dielectric constant of quartz Is 
much smaller than that of LiTaOa. Therefore, the 
size of IDT needs more space compared with 
LiTaOa substrate in order to design the impedance 
matching. The value of AX is very small, about 0.01 
pm. Some attention is therefore needed to control 
AX. To precisely control AX. the reticle is made with 
very high accuracy. 

5. Fabrication and evaluation of filters 

The electrode film consisted of Al-Cu alloy 
deposited by the DC sputter on piezoelectric 
substrates. The IDT photoresist patterns were 
exposed on an i-line stepper. Figure 8 shows IDT 
photoresist patterns for 2.4 GHz. The line and gap 
width of IDT patterns were 0.4 pm. The reactive ion 
etching was used to avoid surface damage of a 
substrate. Figure 9 shows the S 21 and SWR 
characteristics of 1.5 GHz filter for PDC. This filter 
had 2 dB minimum insertion loss, 38 MHz 
bandwidth at 3 dB and about 30 dB stopband 
attenuation. The SWR was less than 2.0 In the 
passband. Figure 10 shows the same 
characteristics of 1.8 GHz filter for European PCN. 
The maximum fractional bandwidth in this study 
was obtained. Filter characteristics were 85 MHz 
bandwidth at 4 dB and about 20 dB stopband 
attenuation. The SWR was less than 2.0. Figure 11 
shows the wireless LAN filter. The bandwidth was 
110 MHz at 5 dB and the stopband attenuation was 
about 45 dB which was a very high value. The 
SWR was less than 2.5. Figure 12 shows a timing 
filter for HDTV. The bandwidth of 400 kHz at 6.5 
dB, which was the minimum fractional bandwidth of 
0.03% in this study, about 30 dB the stopband 
attenuation and the SWR of less than 2.0 were 
obtained. The HDTV filter and PDC filter were 
mounted in a 3.8 mm x 3.8 mm x 1.5 mm ceramic 
SMT packages. The other filters were mounted in 3 
mm X 3 mm x 1 mm ceramic SMT packages. 
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Figure 8 IDT photoresist patterns for 2.4 GHz. 



1.26 1.46 1.66 1.26 1.46 1.66 


Frequency (GHz) Frequency (GHi) 

(a) $21 (b) SWR 

Figure 9 S 21 and SWR characteristics of 1.5 GHz 
filter for Japanese PDC. 



Frequency (GHz) Frequency (GHz) 


{a)S2i (b)SWR 

Figure 10 S 21 and SWR characteristics of 1.8 GHz 
filter for European PCN. 



2.0 2.5 3.0 2.0 2.5 3.0 


Frequency (GHz) Frequency (GHz) 

(a) S 21 (b) SWR 

Figure 11 S 21 and SWR characteristics of 2.4 GHz 
filter for wireless LAN. 



■*40 1.45 1.50 1.40 1.45 1.50 

Frequency (GHz) Frequency (GHz) 

(ajSzi (b)SWR 


Figure 12 $21 and SWR characteristics of 1 .5 GHz 
filter for HDTV. 


6. Conclusion 

L and S band (ow-ioss filters were developed 
using the ladder type filter made of one port SAW 
resonators. The filters for PDC in Japan, PCN in 
Europe and wireless LAN in Europe were 
successfully developed as wideband applications, 
and HDTV filter was developed as a narrow band 
application. These filters’ characteristic 
impedances were all 50 Q. The properties of these 
filters will be useful in the future development of the 
wireless communications systems discussed. 
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— SECTION 10 

Quality and Reliability 



10-1 


10-2 



Fujitsu Quality Program 

To ensure the best quality in our semiconductor products, Fujitsu conducts a complete program of inspections at every phase of 
processing. 

The wide range of inspections in our manufacturing programs ensures that every product has the quality and reliability for which 
it was designed Statistical analysis evaluates these results objectively. 

Incoming Inspections 

Whenever a Fujitsu plant purchases materials or components from another manufacturer, the Quality Control Group conducts an 
incoming inspection. The group visits the supplier’s factories to convey the importance Fujitsu places on the quality of everything 
we buy. Moreover Fujitsu will work together with the suppliers to maintain and improve the quality of their products. 

Every year, we award the best manufacturers to encourage all our suppliers to maintain and improve the quality of their products 


Control Flow for the Purchase of Materials and Components 




10 


10-3 







Quality Control Flow Chart 


Check Item 


less Flow 



(nspection of Wafers, 
Masks. Packages, 
Piece Parts. Chemicai, etc. 


Wafer Surface inspection and Film 
Thickness, Surface Resistance, Diffusion 
Depth, Electrical Parameters and Doping 


Wafer Surface and Pattern Inspection 


Inspection of Incoming Material 


Wafer Processing Diffusion/Ion Implantation 

Sr_ 

Photoetching 

V 


Wafer Surface Inspection, Monitor Test of Film Thickness 


Metallization 


Test of Eiectricai Characteristics, Stress Test (100% inspection] 


Wafer Surface and Pattern Sampling Inspection 


Passivation (Insulation Layer Formation) 

Wafer Shipping Inspection 



Visual and Surface Inspection 


Sample Surface Inspection AQL 0.65% Level I 


Dicing 


Chip Shipping inspection 


Bond -wetting and Surface Inspection/Monitor Test of Pilot Run for Machine Calibration 



Assembly Die 
Bonding 


Bond -wetting and Surface Inspection/Sample Wire Bond Strength Test/Monitor Test of Sample Run for Machine Calibration. 


Wire 

Bondir 


In-Process Manufacturing Group Inspections 

Fujitsu's Manufacturing Groups implement these inspections to set control items and standards for each manufacturing process. 
Prompt feedback maintains and improves the quality consciousness throughout the groups. 

Inspections occur regularly for each lot and/or each production line. 

In-Process QC Group Inspections 

The Quality Control Groups inspect at the end of each major manufacturing. 

Using the sampling standards, the groups confirm the level of quality before the products proceed to the next phase. 
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Statistical Process Control (SPC) 

Fujitsu’s SPC program uses statistical analysis. Engi¬ 
neering Groups set the major quality parameters and 
their spec value for the manufacturing processes to as¬ 
sure the proper quality. The Manufacturing Groups de¬ 
termine the control values for the equipment and condi¬ 
tions for the production process. 

Once mass production begins, the Manufacturing 
Groups implement control plans to check and improve 
the product capability to each process. 

Some important parameters are film thickness, monitor 
characteristics, bonding strength, electrical characteris¬ 
tics and yield (see figure at right). Computer software 
checks each parameter automatically. 


16M DRAM Oxide Thick 




CMQOOOOOOOT-'*-T-'r--r»T-r-T-T« 


eocortoococococococococococococo 
yOoooQQOOOOOOOOoo 

0>0>0}0>0>0>0)0>09QI)d>COO>0)090i>Q> 

Lot No. 


UL 

UCL 


LCL 

LL 
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— SECTION 11 

Ordering Information 
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ORDERING INFORMATION FOR STANDARD PRODUCTS 


Part Number 

Description 

Package Type 

Options 

Order Number 






PRESCALERS 


_ 



MB501L 

1.1 GHz Prescaler 

DIP-08P-M01 


MB501LP 



FPT-08P-M01 


MB501LPF 



FPT-08P-M01 

T&R 

MB601LPF-ER 

MB501LV 

1.1 GHz Prescaler 

DIP-08P-M01 


MB501LVP 



FPT-08P-M01 


MB501LVPF 

MB601SL 

1.1 GHz Prescaler 

DIP-08P-M01 


MB501SLP 



FPT-08P-M01 


MB501SLPF 



FPT-08P-M01 

T&R 

MB501SLPF-ER 

MB504 

520 MHz Prescaler 

D1P-08P-M01 


MB504P 



FPT-08P-M01 


MB504PF 



FPT-08P-M01 

T&R 

MB504PF-ER 

MB504L 

620 MHz Prescaler 

DIP-08P-M01 


MB504LP 



FPT-08P-M01 


MB504LPF 



FPT-O8P-M01 

T&R 

MB504LPF-ER 

MB504LV 

520 MHz Prescaler 

DIP-08P-M01 


MB604LVP 



FPT-08P-M01 


MB504LVPF 

MB605-16 

1.6 GHz Prescaler 

DIP-08P-M01 


MB505-16P 



FPT-08P-M01 


MB506-16PF 

MB506 

2.4 GHz Prescaler 

DIP-08P-M01 


MB606P 



FPT-08P-M01 


MB506PF 



FPT-08P’M01 

T&R 

MB506PF-ER 

MB607 

1.6 GHz Prescaler 

DIP-08P-M01 


MB507P 



FPT-08P-M01 


MB507PF 



FPT-08P-M01 

T&R 

MB507PF-ER 

MB508 

2.3 GHz Prescaler 

DIP-08P-M01 


MB508P 



FPT-08P-M01 


MB508PF 



FPT-08P-M01 

T&R 

MB508PF-ER 

MB509 

1.1 GHz Prescaler 

DIP-08P-M01 


MB509P 



FPT-08P-M01 


MB509PF 

MB510 

2.7 GHz Prescaler 

DIP-08P-M01 


MB510P 



FPT-08P-M01 


MB510PF 



FPT-08P-M01 

T&R 

MB507PF-ER 

MBSn 

2.7 GHz Prescaler 

DIP-08P-M01 


MB511P 



FPT-08P-M01 


MB511PF 

MB561 

1.0 GHz Prescaler 

FPT-08P-M01 


MB561PF 


&VCO 













ORDERING INFORMATION FOR STANDARD PRODUCTS 


Part Number 

Description 

Package Type 

Options 

Order Number 






CMOS PLLs 





MB87001A 

13 MHz PLL 

DIP-16P-M04 


MB87001AP 



FPT-16P-M06 


MB87001APF 

MB87006A 

17 MHz PLL 

DIP-16P-M04 


MB87006AP 



FPT-16P-M06 


MB87006APF 

MB87014A 

180 MHz PLL 

DIP-16P-M04 


MB87014AP 



FPT-16P-M06 


MB87014APF 



FPT-16P-M06 

T&R 

MB87014APF-ER 

MB87076 

10 MHz PLL 

FPT-16P-M06 


MB87076PF 

MB87086A 

95 MHz PLL 

DIP-16P-M04 


MB87086AP 



FPT-16P-M06 


MB87086APF 

MB87087 

17 MHz PLL 

FPT-16P-M06 


MB87087PF 

MB87091 

300 MHz PLL 

FPT-16P-M06 


MB87091PF 



FPT-20P-M03 


MB87091PFV 

MB87093A 

145 MHz PLL 

FPT-16P-M05 


MB87093APFV 

MB87094 

15 MHz PLL 

FPT-16P-M05 


MB87094PFV 

MB87096A 

110 MHz PLL 

FPT-16P-M05 


MB87095APFV 

MB87096A 

90 MHz PLL 

FPT-16P-M05 


MB87096APFV 






SUPER PLLs 





MB15A01 

1.1 GHzSPLL 

FPT-16P-M05 


MB15A01PFV1 

MB15B01 

1.1 GHzD-SPLL 

FPT-20P-M03 


MB15B01PFV 

MB1501 

1.1 GHzSPLL 

DIP-16P-M04 


MB1501P 



FPT-16P-M06 


MB1501PF 



FPT-16P-M06 1 

T&R 

MB1601PF-ER 

MB1601H 

1.1 GHzSPLL 

FPT-16P-M06 


MB1501HPF 



FPT-16P-M06 

T&R 

MB1501HPF-ER 

MB1501L 

1.1 GHzSPLL 

FPT-16P-M06 


MB1501LPF 



FPT-16P-M06 

T&R 

MB1501LPF-ER 

MB15A02 

1.1 GHzSPLL 1 

FPT-16P-M06 


MB15A02PF 



FPT-16P-M05 


MB15A02PFV1 



FPT-20P-M03 


MB15A02PFV2 

MB1502 

1.1 GHzSPLL 

FPT-16P-M06 


MB1502PF 



FPT-16P-M06 

T&R 

MB1502PF-ER 

MB1502H 

1.1 GHzSPLL 

FPT-16P-M06 


MB1502HPF 

MB15B03 

1.1/.3 GHzD-SPLL 

FPT-16P-M05 


MB15B03PFV1 

MB16F03 

2.0/.5 GHz D-SPLL 

FPT-16P-M05 


MB15F03PFV1 

MB! 503 

1.1 GHzSPLL 

FPT-16P-M06 


MB1503PF 
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ORDERING INFORMATION FOR STANDARD PRODUCTS 


Part Number 

Description 

Package Type 

Options 

Order Number 

MB1504 

520 MHzSPLL 

DIP-16P-M04 


MB1504P 



FPT-16P-M06 


MB1504PF 



FPT-16P-M06 

T&R 

MB1504PF-ER 

MB1504H 

620 MHzSPLL 

FPT-16P-M06 


MB1504HPF 

MB1504L 

620 MHzSPLL 

FPT-16P-M06 


MB1604LPF 

MB16E06 

2.0 GHzSPLL 

FPT-16P-M06 


MB15E06PFV1 

MB1506 

600 MHzSPLL 

FPT-16P-M02 


MB1505PF 

MB16E06 

2.6 GHz SPLL 

FPT-16P-M05 


MB15E06PFV1 

MB1506 

2.0 GHz SPLL 

FPT-20P-M03 


MB1506PFV 

MB1507 

2.0 GHz SPLL 

FPT-16P-M06 


MB1507PF 

MB1508 

2.5 GHz SPLL 

FPT-20P-M01 


MB1508PF 

MB1509 

400 MHz D-SPLL 

FPT-20P-M01 


MB1509PF 

MB15U10 

1.1 GHz D-SPLL 

FPT-20P-M03 


MB15U10PFV 

MB1510 

1.1 GHz D-SPLL 

FPT-20P-M01 


MB1510PF 



FPT-20P-M01 

T&R 

MB1510PF-ER 

MBISBll 

1.1/.4 GHz D-SPLL 

FPT-20P-M03 


MB15B11PFV 

MB1611 

1.1 GHzSPLL 

FPT-20P-M03 


MB1511PFV 



FPT-20P-M03 

T&R 

MB1511PFV-ER 

MB1512 

1.1 GHzSPLL 

FPT-20P-M03 


MB1512PFV 



FPT-20P-M03 

T&R 

MB1512PFV-ER 

MB15B13 

1.1 GHz D-SPLL 

FPT-20P-M03 


MB15B13PFV 

MB1513 

1.1 GHzSPLL 

FPT-20P-M03 


MB1513PFV 



FPT-20P-M03 

T&R 

MB1513PFV-ER 

MB1514 

400 MHz D-SPLL 

FPT-20P-M01 


MB1514PF 

MB1615 

2.5 GHz SPLL 

FPT-20P-M03 


MB1615PFV 

MB16A16 

1.1 GHzSPLL 

FPT-16P-M05 


MB15A16PFV1 



FPT-16P-M06 

T&R 

MB15A16PFV1-ER 

MB1516A 

1.1 GHzSPLL 

FPT-16P-M06 


MB1516APFV1 



FPT-16P-M05 

T&R 

MB1516APFV1-ER 

MB1617A 

1.1 GHzSPLL 

FPT-16P-M06 


MB1517APFV1 



FPT-16P-M06 

T&R 

MB1617APFV1-ER 

MB1618 

2.5 GHz SPLL 

FPT-16P-M06 


MB1618PF 



FPT-16P-M06 

T&R 

MB1618PF-ER 

MB16A19 

600 MHz D-SPLL 

FPT-20P-M01 


MB15A19PF 

MB1519 

600 MHz D-SPLL 

FPT-20P-M01 


MB1519PF 

MB16S02 

300 MHz MASKED 

SOP-8P-M03 


MB15S02PFV 











ORDERING INFORMATION FOR STANDARD PRODUCTS 


Part Number 

Description 

Package Type 

Options 

Order Number 






SUPER ANALOG 





MB531 

1.1 GHz MIXER 

FPT-8P-M01 


MB531PF 

MB539 

1.6 GHz LNA 

FPT-8P-M03 


MB539PFV 

MB54601 

1.1 GHz LNA/MIX 

FP-16P>M06 


MB54501PFV 

MB54502 

1.1 GHzD-LNA 

FP-16P-M06 


MB54502PFV 

MB54603 

1.1 GHz AMP 

FP-16P-M06 


MB54603PFV 

MB54609 

1.0 GHz l/Q MOD 

FPT-20P-M03 


MB54609PFV 

MB54619 

2.0 GHz l/Q MOD 

FPT-20P-M03 


MB64619PFV 






SAW FILTERS 





FAR-F6CB-836M60-G201 

AMPS SAW 

6X5MM 

3KT&R 

F6CB-836M50G201R 




IKT&R 

F5CB-836M50G201T 

FAR-F6CB-881M50*G201 

AMPS SAW 

5X6MM 

3KT&R 

F5CB-881M50G201R 




IKT&R . 

F6CB-881M50G201T 

FAR-F6CB-881M60-G211 

AMPS SAW 

6X6MM 

3K T&R 

F6CB-881M50G211R 

FAR-F5CB-888M50-G201 

ETACS SAW 

5X6MM 

IKT&R 

F5CB-888M50G201T 

FAR-F5CB-933M60-G202 

ETACS SAW 

5X5MM 

IKT&R 

F6CB-933M50G202T 

FAR-F5CB-911M50-G201 

NTACSSAW 

5X6MM 

3KT8cR 

F6CB-9nM50G201R 




lKT8cR 

F6CB-911M50G201T 

FAR-F5CB-902M50-G201 

NMTSAW 

5X6MM 

IKT&R 

F6CB-902M50G201T 

FAR-F6CB-947M50-G201 

NMTSAW 

5X6MM 

IK T&R 

F6CB-947M60G201T 

FAR-F6CB-947M60-G211 

NMTSAW 

5X6MM 

IKT&R 

F6C3-947M50G201T 

FAR-F5CC-836M60-L2AA 

AMPS SAW 

3.8 X 3.8 MM 

IK T&R 

F6CC-836M50L2AAT 

FAR-F5CC-836M60-L2AZ 

AMPS SAW 

3.8 X 3.8 MM 

IK T&R 

F5CC-836M60-L2AZT 

FAR-F6CC-881M60-L2AB 

AMPS SAW 

3.8 X 3.8 MM 

IK T&R 

F6CC-881M50L2ABT 

FAR-F6CC-881M50-L2AY 

AMPS SAW 

3,8 X 3.8 MM 

IK T&R 

F5CC-881M50-L2AYT 

FAR-F6CC-933M50-L2BA 

NTT SAW 

3.8 X 3.8 MM 

IK T&R 

F5CC-933M50-L2BAT 

FAR-F6CC-878M50-L2BB 

NTT SAW 

3.8 X 3.8 MM 

IKT&R 

F6CC-878M50-L2BBT 

FAR-F5CC-888M60>L2CA 

ETACS SAW 

3.8 X 3.8 MM 

IK T&R 

F6CC-888M60-L2CAT 

FAR-F6CC-933M50-L2CB 

ETACS SAW 

3.8 X 3.8 MM 

IK T&R 

F5CC-933M50-L2CBT 

FAR-F6CC-911M60-L2DA 

NTACSSAW 

3.8 X 3.8 MM 

IK T&R 

F6CC-911M6CFL2DAT 

FAR-F6CC-856M50-L2DB 

NTACSSAW 

3.8 X 3.8 MM 

IK T&R 

F5CC-856M60-L2DBT 

FAR-F6CC-902M50-L2EA 

NMTSAW 

3.8 X 3.8 MM 

I K T&R 

F6CC-902M50-L2EAT 

FAR-F5CC-902M50-L2EZ 

NMTSAW 

3.8 X 3.8 MM 

IKT&R 

F5CC-902M50L2EZT 

FAR-F6CC-902M60-L2EX 

NMTSAW 

3.8 X 3.8 MM 

IK T&R 

F6CC-902M5OL2EXT 

FAR-F6CC-947M60-L2EY 

NMTSAW 

3.8 X 3.8 MM 

IKT&R 

F6CC-947M60-L2EYT 

FAR-F6CC-897M50-L2KA 

EGSM SAW 

3.8 X 3.8 MM 

IK T&R 

F5CC-897M50L2KAT 

FAR-F6CC-942M50-L2KB 

EGSM SAW 

3.8 X 3.8 MM 

IK T&R 

F6CC-942M60-L2KBT 

FAR-F5CC-942M50-L2KY 

EGSM SAW 

3.8 X 3.8 MM 

IK T&R 

F6CC-942M50-L2KYT 
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ORDERING INFORMATION FOR STANDARD PRODUCTS 


Part Number 

Description 

Package Type 

Options 

Order Number 

FAR-F5CC-950M00-L2FA 

PDC SAW 

3.8 X 3.8 MM 

IKT&R 

F5CC-950M00L2FAT 

FAR-F6CC-820M00-L2FB 

PDC SAW 

3.8 X 3.8 MM 

IKT&R 

F6CC-820M00L2FBT 

FAR-F5CC-916M00>L2JA 

ISM SAW (US) 

3.8 X 3.8 MM 

IKT&R 

F5CC-916M00-L2JAT 

FAR-F6CC-916M00-L2JZ 

ISM SAW (US) 

3.8 X 3.8 MM 

IKT&R 

F5CC-916M00-L2JZr 

FAR-F6CC-936M00-L2LA 

2-WAY PAGER 

3.8 X 3.8 MM 

IKT&R 

F6CC-936M00L2LAT 

FAR-F6CC-1G4410-L2ZA 

PDC 1.6 GHz 

3.8 X 3.8 MM 

IKT&R 

F6CC-1G4410-L2ZAT 

FAR-F6CC-1G4890-L22B 

PDC 1.6 GHz 

3,8 X 3.8 MM 

IKT&R 

F6CC-1G4890-L2ZBT 

FAR-F6CC-1G6190-L2ZN 

PDC 1.6 GHz 

3.8 X 3.8 MM 

IKT&R 

F6CC-1G6190-L2ZBT 

FAR-F6CE-1G7476-L2YA 

DCS 1800 

3X3MM 

IKT&R 

F6CE-1G7476-L2YAT 

FAR-F6CE-1G8426-L2YB 

DCS 1800 

3X3MM 

IKT&R 

F6CE-1G8426-L2YBT 

FAR-F6CE-1G8800-L2XA 

PCS SAW (US) 

3X3 MM 

IKT&R 

F6CE-1G8800-L2XAT 

FAR-F6CE-1G9600-L2XB 

PCS SAW (US) 

3X3MM 

IKT&R 

F6CE-1G9600-L2XBT 

FAR-F6CE-2G4600-L2WA 

LAN 2.4 GHz 

3X3MM 

IKT&R 

F6CE-2G4600-L2WAT 






POWER MANAGEMENT 





MB3802 

PWR MGMT SW 

FPT-16P-M04 


MB3802PF 

MB3807A 

PWR MGMT SW 

FPT-16P-M04 


MB3807APF 
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Introduction to Fujitsu 


Fujitsu Limited (Japan) 

Fujitsu Limited was founded as a telecommunications equipment manufacturer in 
1935. and today is not only one of Japan’s leading telecommunications companies, 
but also one of the world’s largest computer manufacturers. 

This leadership has resulted, at least in part, form the superb quality of the company’s 
semiconductors and electronic components. Manufactured by the company’s 
Electronics Devices Operations Group, these vital electronic devices also contribute 
to the high reliability and performance of products made by many other manufacturers 
around the world. 

Today, Fujitsu is one of the world’s top manufacturers of semiconductors and 
electronic components. In Japan, Fujitsu’s R&D laboratories for semiconductor and 
electronic components are situated in Kawasaki and Mie, and manufacturing works 
are located in Iwate, Aizu, Wakamatsu and Suzaka. Fujitsu also has six affiliated 
manufacturing works in the country. Overseas facilities in the U.S., Europe, and Asia 
also help to meed the growing global demand for Fujitsu semiconductors and 
electronic components. 

Fujitsu enforces strict quality control at all stages of production, from materials 
selection through manufacturing to final testing. As a result, Fujitsu’s electronic 
devices are known for their extremely high reliability and excellent 
cost-to-performance ratio. 

Fujitsu manufactures a full line of semiconductors and electronic components to meet 
the diverse applications of am wide variety of customers. Backed by Fujitsu’s 
extensive R&D commitment equal to over 10 percent of annual sales, Fujitsu’s 
electronic devices stay on the cutting edge of electronics technology. 



Sales Information 


Wireless Data Book 


Fujitsu Limited 


Japan 

FUJITSU LIMITED 
Application & Sales 
Engineering Dept. 

1015, Kamikodanake 
Nakahara-ku, 
Kawasaki 211, Japan 
Tel: (044)754-3283 
FAX: (044)754-3343 


North and South America 

FUJITSU 

MICROELECTRONICS, INC. 
3545 North First Street 
San Jose, CA 95134-1804, 

USA. 

Tel: 1-800-642-7616 


Europe 

FUJITSU 

MIKROELEKTRONIK GmbH 
Am Siebenstein 6-10, 

63303 Dreieich-Buchschlag, 

Germany 

Tel: (06103) 690-0 

Telex: 411963 

FAX: (06103) 690-122 


Asia 

FUJITSU 

MICROELECTRONICS ASIA 

PTE LIMITED 

#06-04 to #05-07 

Plaza By The Park 

No. 51 Bras Basah Road 

Singapore 0718 

Tel: 336-1600 

Telex: 55573 

FAX: 336-1609 
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Sales Information 


Fujitsu Microelectronics, Inc. (FMI) Sales Offices 


CALIFORNIA 

Irvine 

Century Centre 
2603 Main Street, Ste. 510 
Irvine, CA 92714 
Tel: 714/724-8777 
FAX: 714/724-8778 
San Jose 

3545 North First Street 
San Jose, CA 95134-1804 
Tel: 408/922-9000 
FAX: 408/432-9044/ 
408/432-9045 
HERZING: 408/943-1204 
Santa Clara 

2880 Lakeside Drive, Ste. 250 
Santa Clara, CA 95054 
Tel: 408/982-1800 
FAX: 408/982-1825 

COLORADO 

Denver 

12000 North Washington Street, 
Ste. 370 

Thornton, CO 80241 
Tel: 303/254-9901 
FAX: 303/254-9921 


GEORGIA 

Atlanta 

3500 Parkway Lane, Ste. 210 
Norcross, GA 30092 
Tel: 770/449-8539 
FAX: 770/441-2016 


ILLINOIS 

Chicago 

One Pierce Place, Ste. 1245 W. 
Itasca, IL 60143-2681 
Tel: 708/250-8580 
FAX: 708/250-8591 

MASSACHUSETTS 

Boston 

1000 Winter Street, Ste. 2500 
Waltham, MA 02154 
Tel: 617/487-0029 
FAX: 617/890-9002 

MINNESOTA 

Minneapolis 

3800 W. 80th Street, Ste. 430 
Bloomington, MN 55431-4419 
Tel: 612/893-5570 
FAX: 612/893-5580 


NEW YORK 

New York 

Hauppauge Office Park 
Building 2, Ste. 310 
898 Veterans Memorial Hwy 
Hauppauge, NY 11788 
Tel: 516/582-8700 
FAX: 516/582-3855 


OREGON 

Portland 

15220 NW Greenbrier Pkwy 
Ste. 360 

Beaverton, OR 97006 
Tel: 503/690-1909 
FAX: 503/690-8074 


TEXAS 

Dallas 

14785 Preston Road, Ste. 274 
Dallas, TX 75240 
Tel: 214/233-9394 
FAX; 214/386-7917 

Houston 

Two Chasewood Park, Ste. 250 
20405 SH 249 
Houston, TX 77070 
Tel: 713/379-3030 
FAX: 713/379-1059 
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FMI Sales Representatives — USA 


WESTERN AREA 


ARIZONA 

Aztech Component Sales, Inc. 
15230 N. 75th Street, Ste. 1031 
Scottsdale, AZ 85260 
602/991-6300 
FAX: 602/991-0563 

CALIFORNIA 


NORCOMP 

1267 Oakmead Parkway 
Sunnyvale, CA 94086 
408/733-7707 
408/774-1947 

8880 Wagon Way 
Granite Bay, CA 95746 
916/791-7776 
FAX: 916/791-2223 


Innfinity Sales Inc. 

20 Corporate Park, Ste. 100 
Irvine, CA 92714 
714/833-0300 
FAX: 714/833-0303 

6540 Lusk Blvd., Ste. C256 
San Diego, CA 92121 
619/535-9300 
FAX: 619/550-3707 

26560 W, Agoura Road, 
Suite 103A 
Calabasas, CA 91302 
818/880-6480 
FAX: 818/880-1922 


COLORADO 

Spectrum Marketing 

2211 West 27th Avenue, 
Ste. 316 

Denver, CO 80211 
303/480-9991 
FAX: 303/455/5303 

2924 Robidoux Road 
Sandy, Utah 84093 
801/972-8552 
FAX: 801/943-9522 


IDAHO 

Intermountain Technical 

Marketing 

1310 E. First Street 

Meridian, ID 83642 

208/888-6071 

FAX: 208/888-6074 


OREGON 

L-Squared Limited 

15234 NW Greenbrier Parkway 

Beaverton, OR 97006 

503/629-8555 

FAX: 503/645-6196 

10502 Riviera PI. N.E. 

Seattle, WA 98125-6937 

206/525-8555 

FAX: 206/527-0882 


12-6 



Wireless Data Book 


Sales Information 


FMI Sales Representatives — USA (continued) 


CENTRAL AREA 


ILLINOIS 

Beta Technology 

1009 Hawthorne Drive 
Itasca, IL 60143 
708/250-9586 
FAX: 708/250-9592 


INDIANA 

Valentine Associates 

1030 Summit Drive 
Carmel, IN 46032-2580 
317/846-0008 
FAX: 317/846-0255 


KENTUCKY 

Valentine Associates 
3215 Brentwood Drive 
Henderson, KY 42420 
502/826-9444 
FAX: 502/826-9108 


MICHIGAN 

R.C. Merchant & Co., Inc. 

23735 Research Drive 
Farmington Hills, Ml 48335 
810/476-4600 
FAX: 810/476-3162 

815 Main Street 
St. Joseph, Ml 49085 
616/983-7378 
FAX: 616/983-3506 


MINNESOTA 

Beta Technology 

15612 Highway 7, Suite 320 
Minnetonka, MN 55345 
612/938-1006 
FAX: 612/938-2209 

OHIO 

Stegman Blaine Marketing 

8228 Winton Road, Ste. 300D 
Cincinnati, OH 45231 
513/729-1969 
FAX: 513/729-1984 

147W. National Road 
Vandalia, OH 45377 
513/890-7975 
FAX: 513/890-5191 

10539 Shale Brook Way 
Cleveland, OH 44136 
216/572-0003 
FAX: 216/238-3229 

4347 Stow Road 
Stow, OH 44224 
216/688-9603 
FAX: 216/688-6421 


TEXAS 

Technical Marketing, Inc. 
(T.M.I) 

3320 Wiley Post Road 
Carrollton, TX 75006 
214/387-3601 
FAX: 214/387-3605 
TWX: 910/860-5158 

2901 Wilcrest Drive, Ste. 139 
Houston, TX 77042 
713/783-4497 
FAX: 713/783-5307 
TLX: 510/100-9699 

3701 Executive Center Drive 
Suite 205 
Austin, TX 78731 
512/343-6976 
FAX: 512/343-7986 


WISCONSIN 

Beta Technology 

9401 W. Beloit Street, Ste. 409 

Milwaukee, Wl 53227 

414/543-6609 

FAX: 414/543-9288 



Sales Information 


Wireless Data Book 


FMI Sales Representatives — USA (continued) 


EASTERN AREA 


ALABAMA 

ComRep, Inc. 

190 Lime Quarry Road, Ste. 212 
Madison, AL 36758 
205/772-9982 
FAX: 205/772-8693 


CONNECTICUT 

Connecticut Applied 
Technology 

555 Highland Avenue, Ste, 2 
Cheshire, CT 06410 
203/272-6564 
FAX: 203/271-3670 


FLORIDA 

Semtronic Associates 

657 Maitland Avenue 
Altamonte Springs, FL 32701 
407/831-8233 
FAX: 407/831-2844 
TLX: 810/854-0321 

1467 S. Missouri Avenue 
Clearwater, FL 34616 
813/461-4675 
FAX; 813/442-2234 

3471 NW 55th Street 
Ft, Lauderdale. FL 33309 
305/731-2484 
FAX: 305/731-1019 


GEORGIA 

ComRep, Inc. 

6855 Jimmy Carter Blvd., 
Ste. 2128 

Norcross, GA 30071 
770/449-9905 
FAX: 770/449-1909 


MARYLAND 

Arbotek Asso., Inc. 

2408 Peppermill Drive, Ste. I 
Glen Burnie, MD 21061 
410/768-5335 
FAX: 410/768-8118 


MASSACHUSETTS 

3D Sales 

5 Burlington Woods Drive 
Burlington, MA 01803 
617/229-2999 
FAX: 617/229-2033 


NEW JERSEY 

BGR Associates 
Evesham Commons 
525 Route 73, Ste. 100 
Marlton, NJ 08053 
609/983-1020 
FAX: 609/983-1879 
TWX: 710/940-1358 

Technical Applications & 
Marketing (T.A.M) 

91 Clinton Road, Ste. ID 
Fairfield. NJ 07006 
201/575-4130 
FAX: 201/575-4563 


NEW YORK 

Quality Components 
116 Fayette Street 
Manlius. NY 13104 
315/682-8885 
FAX: 315/682-2277 
TWX: 910/997-1313 

716/655-0556 
FAX: 716-655-0601 

500 Helendale Road, Ste. 125 
Rochester, NY 14609 
716/288-3420 
FAX: 716/288-3484 


NORTH CAROLINA 

ComRep, Inc. 

3125 Poplarwood Court, 
Ste. 123 

Raleigh, NC 27604 
919/873-1003 
FAX: 919/873-0307 

8206 Providence Road, 

Ste. 1200-374 
Charlotte, NC 28277 
704/544-9122 
FAX: 704/543-9646 


PUERTO RICO 

Semtronic Associates 
Crown Hills 

#125 Carite St./Esq. Ave. 
Parana 

Rio Piedras, PR 00926 
809/766-0700 
FAX: 809/763-8071 
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FMI Sales Representatives — Canada 


Pipe-Thompson, Ltd. 

5468 Dundas Street, W. 206 
Islington, Ontario M9B 6E3 
416/236-2355 
FAX: 416/236-3387 

17 Brandy Creek Crescent 
Kanata, Ontario K2M 2B8 
613/591-1821 
FAX: 613/591-0461 
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FMI Distributors 


ALABAMA 

Innsight Electronics 
4835 University Square, Ste. 19 
Huntsville, AL 35816 

205- 830-1222 
FAX: 205-830-1225 

Marshall Industries 

3313 Memorial Parkway South, 

Ste. 150 

Huntsville, AL 35801 

206- 881-9235 
FAX: 205-881-1490 

Milgray Electronics 
5021 Bradford Dr., Ste. 202 
Huntsville, AL 35805 
205-722-8551 
FAX: 205-722-0161 

ARIZONA 

Innsight Electronics 
1515 West University Drive, 

Ste. 103 

Tempe, AZ 85281 
602-829-1800 
FAX: 602-967-2658 

Marshall Industries 

9831 S. 51st St, Ste. C107-109 

Phoenix, AZ 85044 

602-496-0290 

FAX: 602-893-9029 

CALIFORNIA 

Bell Microproducts 
30 Fairbanks, Ste. 114 
Irvine, CA 92718 
714-470-2900 
FAX: 714-470-2929 

1941 Ringwood Avenue 
San Jose, CA 95131-1721 
408-451-9400 
FAX: 408-451-1600 

860-H Hampshire 
Westlake Village, CA 91362 
805-496-2606 
FAX: 805-496-6119 


USA 


Insight Electronics 
2 Venture Plaza, Ste. 340 
Irvine, CA 92718 
714-727-3291 
FAX: 714-727-1804 

9980 Huennekens Street 
San Diego, CA 92121 
619-587-1100 
FAX: 619-587-1380 

1295 Oakmead Parkway 
Sunnyvale, CA 94086 
408-720-9222 
FAX: 408-720-8390 

4333 Park Terrace Drive, 

Ste. 101 

Westlake Village, CA 91361 

818-707-2101 

FAX: 818-707-0321 

Marshall Industries 
26637 W. Agoura Road 
Calabasas, CA 91302-1959 
818-878-7000 
FAX: 818-880-6846 

9320 Telstar Avenue 
El Monte, CA 91731 
818-307-6000 
FAX: 818-307-6297 

One Morgan Drive 
Irvine, CA 92718 
714-458-5365 
FAX: 714-581-5255 

336 Los Coches Street 
Milpitas, CA 95035 
408-942-4600 
FAX: 408-942-4722 

3039 Kilgore Avenue, Ste. 140 
Rancho Cordova, CA 95670 
916-635-9700 
FAX: 916-635-6044 

5961 Kearny Villa Road 
San Diego, CA 92123 
619-627-4140 
FAX: 619-627-4163 


Milgray Electronics 
25 Mauchly, Ste. 329 
Inrine, CA 92718 
714-753-1282 
FAX: 714-753-1682 

6835 Flanders Drive, Ste. 300 
San Diego, CA 92121 
619-457-7545 
FAX: 619-457-9750 

2860 Zanker Road, Ste. 209 
San Jose, CA 95134 
408-456-0900 
FAX: 408-456-0300 

275 E. Hillcrest Drive, Ste. 145 
Thousand Oaks, CA 91360 
805-371-9399 
FAX: 805-371-9317 

5650 D T C Parkway, Ste. 202 
Englewood, CA 80111 
303-721-7702 
FAX: 303-721-7803 

COLORADO 

Insight Electronics 
384 Inverness Drive South, 

Ste. 105 

Englewood, CO 80112 

303-649-1800 

303-649-1818 

Marshall Industries 

12351 North Grant Street, Ste. A 

Thornton, CO 80111 

303-451-8383 

FAX: 303-457-2899 

CONNECTICUT 

Milgray Electronics 
326 West Main Street 
Milford, CT 06460-0418 
203-878-5538 
FAX: 203-878-6970 

Marshall Industries 
Barnes Industrial Park North, 

20 Sterling Dr. 

Wallingford, CT 06492 
203-265-3822 
FAX: 203-284-9285 


12-10 



Wireless Data Book 


Sales Information 


FMI Distributors 


FLORIDA 

Bell/Vantage 

1110 Douglas Avenue, Ste. 2050 
Altamonte Springs, FL 32714 
407-542-3083 
FAX: 407-682-1286 

1761 West Hillsboro Blvd., 

Ste. 208 

Deerfield Beach, FL 33441 

305-429-1001 

FAX: 305-481-3586 

Insight Electronics 

600 North Lake Road, Ste. 250 

Altamonte Springs, FL 32701 

407-834-6310 

FAX: 407-834-6461 

6400 Congress Avenue, 

Ste. 1600 

Boca Raton, FL 33487 
407-997-2540 
FAX: 407-997-2542 

17757 U.S.Hwy 19 North, 

Ste. 520 

Clearwater, FL 34624 
813-524-8850 
FAX: 813-532-4245 

Marshall Industries 
380 South Northlake Blvd., 

Ste. 1024 

Altamonte Springs, FL 32701 

407-767-8585 

FAX: 407-767-8676 

2700 W. Cypress Creek Road, 
Ste. Dll4 

Ft. Lauderdale, FL 33309 

305-977-4880 

FAX: 305-977-4887 

2840 Scherer Drive, Ste. 410 
St. Petersberg, FL 33716 
813-573-1399 
813-573-0069 

Milgray Electronics 
755 Rinehart Road, Ste. 100 
Lake Mary, FL 32746 
407-321-2555 
FAX: 407-322-4225 


— USA (continued) 


GEORGIA 

Insight Electronics 
3005 Breckinridge Blvd., 
Ste. 210-A 
Duluth, GA 30136 
404-717-8566 
404-717-8588 

Marshall Industries 
5300 Oakbrook Parkway, 
Ste. 140 

Norcross, GA 30093 
404-923-5750 
FAX: 404-923-2743 


ILLINOIS 

Insight Electronics 
1365 Wiley Road, Ste. 142 
Schaumburg, IL 60173 
708-885-9700 
FAX: 708-885-9701 

Marshall Industries 

50 East Commerce Drive, Unit A 
Schaumburg, IL 60173 
708-490-0155 
FAX: 708-490-0569 

Milgray Electronics 
1530 East Dundee Road, 

Ste. 250 

Palatine, IL 60067-8319 
708-202-1900 
FAX: 708-202-1985 


INDIANA 

Marshall Industries 
14027 Sedona Court 
Indianapolis, IN 46032 
317-388-9069 
FAX: 317-297-2787 

Milgray Electronics 
5226 Elmwood Ave 
Indianapolis. IN 46023 
317-781-9997 
FAX: 317-781-6970 


KANSAS 

Marshall Industries 
10413 W. 84th Terrace 
Lenexa. KS 66214 
913-492-3121 
FAX: 913-492-6205 

Milgray Electronics 
6400 Glenwood, Ste. 313 
Overland Park. KS 66202-4021 
913-236-8800 
FAX: 913-384-6825 


MASSACHUSETTS 

Belt/Vantage 
17A Sterling Road 
Billerica, MA01862 
508-667-2400 
FAX: 508-663-7474 

Insight Electronics 
55 Cambridge Street, Ste. 301 
Burlington, MA 01803 
617-270-9400 
FAX: 617-270-3279 

Interface Electronics* 

228 South Street 
Hopkinton, MA 01748 
508-435-0100 
FAX: 508-435-6516 

Marshall Industries 

33 Upton Drive 
Wilmington. MA 01887 
508-657-9024 
FAX: 508-658-7608 

Milgray Electronics 
187 Ballardvale Street 
Wilmington. MA 01887-1046 
508-657-5900 
FAX: 508-658-7989 
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MARYLAND 

Bell/Vantage 

6925 R Oakland Mills Road 
Columbia, MD 21045 
410-720-5100 
FAX: 410-381-2172 

Insight Electronics 

6925 Oakland Mills Road, Ste. D 

Columbia, MD 21045 

410-381-3131 

FAX: 410-381-3141 

Marshall Industries 
9130B Guilford Road 
Columbia, MD 21046 
410-880-3030 
FAX: 410-880-3202 

Milgray Electronics 

6460 Dobbin Road, Ste. D 
Columbia, MD 21045-5813 
410-730-6119 
FAX: 410-730-8940 

MICHIGAN 

Marshall Industries 
31067 Schoolcraft Road 
Livonia, Ml 48150 

313- 525-5850 
FAX: 313-525-5855 

MINNESOTA 

Marshall Industries 
14800 28th Avenue North, 

Ste. 175 

Plymouth, MN 55447 
612-559-2211 
FAX: 612-559-8321 

Insight Electronics 
5353 Gamble Drive, Ste. 330 
St. Louis Park, MN 55416 
612-525-9999 
FAX: 612-525-9998 

MISSOURI 

Marshall Industries 

514 Earth City Expressway, 

Ste. 131 

Earth City, MO 63045 

314- 770-1749 
FAX: 314-770-1486 


- USA (continued) 

NORTH CAROLINA 

Marshall Industries 

5224 Greens Dairy Road 
Raleigh, NC 27604 
919-878-9882 
FAX: 919-872-2431 

Milgray Electronics 

2925 Huntleigh Drive, Ste. 101 
Raleigh, NC 27604-3374 
919-790-8094 
FAX: 919-872-8851 


NEW JERSEY 

Bell/Vantage* 

23 Sebago Street 
Clifton, NJ 07013 
201-777-4100 
FAX: 201-777-6194 

insight Electronics 
2 Eves Drive, Ste. 208 
Marlton, NJ 08053 
609 985-5556 
FAX: 609-985-5895 

Interface Electronics 
1 Greentree Center, Ste, 201 
Marlton, NJ 08053 
609-988-5448 
FAX: 609-988-5566 

Marshall Industries 
101 Fairfield Road 
Fairfield, NJ 07004 
201-882-0320 
FAX: 201-882-0095 

158 Gaither Drive #100 
Mt. Laurel, NJ 08054 
609-234-9100 
FAX: 609-778-1819 

Milgray Electronics 
3001 Greentree Executive 
Campus, Ste. C 
Marlton, NJ 08053-1551 
609-983-5010 
FAX: 609-985-1607 

3799 Route 46 East, Ste. 303 
Parsippany, NJ 07054-1273 
201-335-1766 
FAX: 201-335-2110 


NEW YORK 

BellA^antage 

1056 West Jericho Turnpike 
Smithtown, NY 11787 
516-543-2000 
FAX: 516-543-2030 

Marshall Industries 

100 Marshall Drive 
Endicott, NY 13760 
607-785-2345 
FAX: 607-785-5546 

1250 Scottsville Road 
Rochester, NY 14624 
716-235-7620 
FAX: 716-235-0052 

Milgray Electronics 

77 Schmitt Boulevard 
Farmingdale, NY 11735-1410 
516-420-9800 
FAX: 516-420-9884 

1170 Pittsford-Victor Road, 
Ste. 200 

Pittsford, NY 14534-3807 

716-381-9700 

FAX: 716-381-9495 


OHIO 

Insight Electronics 

9700 Rockside Road, Ste. 105 
Valley View, OH 44125 
216-520-4333 
FAX: 216-520-4322 

Marshall Industries 
3520 Park Center Drive 
Dayton, OH 45414 
513-898-4480 
FAX: 513-898-9835 

30700 Bainbrtdge Road, Unit A 
Solon, OH 44139 
216-248-1788 
FAX: 216-248-2312 

Milgray Electronics 
6155 Rockside Road, Ste. 206 
Cleveland, OH 44131-2289 
216-447-1520 
FAX: 216-447-1761 
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OREGON 

insight Electronics 
8705 S.W. Nimbus Avenue, 
Ste. 200 

Beaverton, OR 97005 
503-626-3031 
FAX: 503-641-4530 

Marshall Industries 

9705 S.W. Gemini Drive 
Beaverton, OR 97005 
503-644-5050 
FAX: 503-646-8256 

Milgray Electronics 

8705 S.W. Nimbus, Ste. 260 
Beaverton, OR 97008 
503-626-4040 
FAX: 503-641-0650 


TEXAS 

Bell Microproducts 
12701B Research Blvd., 

Ste. 301 

Austin, TX 78759 
512-258-0725 
FAX: 512-258-6512 

1202 Executive Drive West 
Richardson, TX 75081 
214-783-4191 
FAX: 214-783-4192 

Insight Electronics 
11500 Metric Blvd., Ste. 215 
Austin, TX 78758 
512-719-3090 
FAX: 512-719-3091 

10777 Westheimer, Ste. 1100 
Houston, TX 77042 
713-260-9614 
FAX: 713-260-9602 

1778 N. Plano Road, Ste. 320 
Richardson, TX 75081 
214-783-0800 
FAX: 214-680-2402 


USA (continued) 


Marshall Industries 
8504 Cross Park Drive 
Austin, TX 78754 
512-837-1991 
FAX: 512-832-9810 

10681 Haddington Drive, 

Ste. 160 

Houston, TX 77043 
713-467-1666 
FAX: 713-467-9805 

1551 N. Glenville Drive 
Richardson, TX 75081 
214-705-0600 
FAX: 214-705-0675 

Milgray Electronics 
11824 Jollyville Road. Ste. 103 
Austin, TX 78759 
512-331-9961 
FAX: 512-331-1070 

16610 N. Dallas Parkway, 

Ste. 1300 

Dallas. TX 75248-2617 
214-248-1603 
FAX: 214-248-0218 

12919 SW Freeway, Ste. 130 
Stafford, TX 77477-4113 
713-240-5360 
FAX: 713-240-5404 


UTAH 

Milgray Electronics 

310 East 4500 South, Ste. 110 

Murray, UT 84107 

801-261-2999 

FAX: 801-261-0880 

Marshall Industries 

2355 South 1070 West, Ste. D 
Salt Lake City, UTY 84119 
801-973-2288 
FAX: 801-973-2296 


WASHINGTON 

Marshall Industries 

11715 North Creek Pkwy. South, 
Ste. 112 

Bothell. WA 98011 
206-486-5747 
FAX: 206-486-6964 

Insight Electronics 
12002 115th Avenue, N.E. 
Kirkland, WA 98034 
206-820-8100 
FAX: 206-821-2976 


WISCONSIN 

Marshall Industries 

20900 Swenson Drive, Ste. 150 
Waukesha, Wl 53186 
414-797-8400 
FAX; 414-797-8270 

insight Electronics 
10855 W. Potter Road 
Wauwatosa, Wl 53222 
414-258-5338 
FAX; 414-258-5360 
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ALBERTA 

Active Components 
3833-29th Street NE 
Calgary, Alberta, Canada 
T1Y6B5 
403-250-5550 
FAX; 403-291-7054 

4606 97th Street 
Edmonton, Alberta, Canada 
T6E 5N9 
403-438-2858 
FAX; 604-434-0812 


BRITISH COLUMBIA 

Active Components 
1695 Boundary Road 
Vancouver, B.C., Canada 
V5K 4X7 
604-294-1166 
FAX: 604-294-1206 


MANITOBA 

Active Components 
106 King Edward St. East 
Winnipeg, Manitoba, Canada 
R3H 0N8 
204-944-1446 
FAX: 204-783-8133 


ONTARIO 

Active Components 
5935 Airport Road, Ste. 200 
Mississauga, Ontario, Canada 
UV1W5 
905-612-9200 
FAX: 905-612-9185 

Baxter Center, 1050 Baxter Rd. 
Ottawa, Ontario, Canada 
K2C 3P2 
613-820-8313 
FAX: 613-820-3271 

Marshall Industries 

6285 Northam Drive, Ste. 112 

Mississauga, Ontario, Canada 

L4V1X5 

905-612-1771 

FAX: 905-612-1988 

Milgray Electronics 

2783 Thamesgate Drive 

Mississagua, Ontario, Canada 

L4T1G5 

905-678-0958 

FAX: 905-678-1213 


QUEBEC 

Active Components 

237 Hymus Boulevard 
Pointe Claire, Quebec, Canada 
H9R 5C7 
514-694-7710 
FAX: 514-695-3707 

1000 Ave. St.Jean Baptiste, 
Ste. 100 

Quebec, Quebec, Canada 
G2E 5G5 
418-877-6666 
FAX: 418-877-6671 

Marshall Industries 

148 Brunswick Boulevard 

Pointe Claire, Quebec. Canada 

H9R 59P 

514-694-8142 

FAX; 514-694-6989 

Milgray Electronics 
6600 Trans Canada Hwy, 

Ste. 209 

Pointe Claire, Quebec, Canada 
H9R 4S2 
514-426-5900 
FAX: 514-426-5836 
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Wireless Communications Glossary 


This section contains definitions for terms and phrases which are commonly used in discussions of wireless communications. 


On the next page, we include a list of acronyms which are associated with wireless communications, as well as acronyms which are 
specific to Fujitsu’s corporate structure or wireless product line. Following the list of acronyms is the definitions portion of the glossary. 
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AGO 

Automatic Gain Control 

FM 

Frequency Modulation 

AM 

Amplitude Modulation 

FMG 

Fujitsu Microelectronics, GmbH 

AMPS 

Advanced Mobile Phone System 

FMl 

Fujitsu Microelectronics, Inc. 

ANSI 

American National Standards Institute 

FML 

Fujitsu Microelectronics, Ltd. 

ASIC 

Application-Specific Integrated Circuit 

FNl 

Fujitsu Networks Industry, Inc. 

ASK 

Amplitude Shift Keying 

FNSA 

Fujitsu Network Switching of America, Inc. 

BiCMOS 

Bipolar/Complementary Metal Oxide 

FNTS 

Fujitsu Network Transmission Systems, Inc. 

B-PCS 

Semiconductor 

Broadband Personal Communications 

Systems 

FSK 

GFSK 

Frequency Shift Keying 

Gaussian Frequency Shift Keying 

CAGR 

Compound Annual Growth Rate 

GHz 

Gigahertz 

CDMA 

Code Division Multiple Access 

GMSK 

Gaussian Minimum Shift Keying 

CMOS 

Complementary Metal Oxide 

GPS 

Global Positioning Satellite System 


Semiconductor 

GSM 

Global System for Mobile Communications 

CODEC 

Coder/Decoder 


(also known as Groupe Specials Mobile) 

CT1 

Cordless Telephone - First Generation 

IF 

Intermediate Frequency 

CT2 

Cordless Telephone - Second Generation 

IS-54 

Interim Standard Number 54 

CTIA 

Cellular Telephone Industry Association 

IS-95 

Interim Standard Number 95 

DBS 

Direct Broadcast Satellite 

lS-136 

Interim Standard Number 136 

DCS1800 

Digital Communication Service at 

ISM 

Industrial, Scientific, and Medical 


1800 MHz 

JDC 

Japanese Digital Cellular 

DECT 

Digital European Cordless Telephone 

kHz 

Kilohertz 

DQPSK 

Differential Quadrature Phase Shift Keying 

LAN 

Local Area Network 

DSP 

Digital Signal Processing 

LITa03 

Lithium Tantalate 

DSSS 

Direct Sequence Spread Spectrum 

LNA 

Low Noise Amplifier 

ESPER 

Emitter-Base Self-Aligned Polysilicon 

LO 

Local Oscillator 

ETACS 

Electrode and Resistor 

Enhanced Total Access Communications 
System 

MCM 

MHz 

Multi-Chip Module 

Megahertz 

ETSI 

European Telecommunication Standards 

NF 

Noise Figure 


Inst. 

NMT 

Nordic Mobile Telephone 

FAl 

FBCS 

Fujitsu America, Inc. 

Fujitsu Business Communication Sys., Inc. 

N-PCS 

Narrowband Personal Communications 
Systems 

FCC 

Federal Communications Commission 

PA 

Power Amplifier 

FCPA 

Fujitsu Computer Products of America, Inc. 

PBX 

Private Business Exchange 

FCPT 

Fujitsu Computer Packaging Tech., Inc. 

PC 

Personal Computer 

FCSI 

Fujitsu Compound Semiconductor, Inc. 

PCB 

Printed Circuit Board 

FDD 

Frequency Division Duplexing 

PCMCIA 

PC Memory Card Interface Association 

FDMA 

Frequency Division Multiple Access 

PCN 

Personal Communications Network 

FHSS 

Frequency Hopping Spread Spectrum 

PCS 

Personal Communications System 

FJ 

Fujitsu Japan 

PHS 

Personal Handiphone System 
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PLL 

Phase Lock Loop 

SAW 

Surface Acoustic Wave 

PM 

Phase Modulation 

SMR 

Specialized Mobile Radio 

PQFP 

Plastic Quad Flat Pack 

TAGS 

Total Access Communications System 

PSK 

Phase Shift Keying 

TDD 

Time Division Duplexing 

QAM 

Quadrature Amplitude Modulation 

TDMA 

Time Division Multiple Access 

QFP 

Quad Fiat Pack 

U-PCS 

Unlicensed Personal Communications 
Systems 

QPSK 

Quadrature Phase Shift Keying 

VCO 

Voltage Controlled Oscillator 

R&D 

Research and Development 

WAN 

Wide Area Network 

RF 

Radio Frequency 

WLAN 

Wireless Local Area Network 
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Terms and Phrases Associated with Wireless 


Advanced Mobile Phone Service (AMPS) 

The standard for analog cellular telephone service in the United States. 

Amplitude Modulation (AM) 

A method of analog modulation where the input data signal is used to vary the amplitude of the carrier. 

Amplitude Shift Keying (ASK) 

A method of digital modulation where the digital input data signal is used to vary the amplitude of the carrier. Very popular with 
remote car alarm applications. 

Antenna 

A device which converts electromagnetic radiation in the form of radio waves into an electrical signal, and vice versa. 

Baseband controller 

A CMOS or BiCMOS circuit which controls the operation of the analog sections of the radio. The baseband controller acts as 
the interface between the analog portion of the radio and the digital data and control functions. It is often an ASIC 
implementation. 

Broadband Personal Communication Service (B-PCS) 

A standard under development in the United States to provide digital wireless service in a manner similar to cellular telephony, 
In that the service will be available from infrastructure developed and operated by third-party companies. The system will 
provide wireless voice, data, and eventually video communication capability. 

Cellular telephony 

A wireless telephone service which allows a user to make and receive calls while driving, walking, or remaining stationary. This 
is accomplished via an infrastructure which has a number of base station antenna sites arrayed in such a way to create a 
number of individual ‘cells’ which cover a specified geographic area. The infrastructure allows users to move from cell to cell 
during a call by transferring the radio connection to the user’s cellular telephone from one base station to another. This 
infrastructure is established by a third party, and a user must subscribe to the service and pay both monthly and air time 
charges to access the infrastructure. 

Charge pump 

A component of a phase lock loop system which produces pulses of electrical current. The polarity of the current and the time 
duration of the pulse are controlled by the phase detector. The output of a charge pump serves as the input to the loop filter of 
a PLL system. 

Code Divided Multiple Access (CDMA) 

A type of multiplexing for wireless systems developed by Qualcomm which uses spread spectrum techniques to allow many 
users to share the same frequency bands simultaneously. 

Compression point (P1dB) 

The maximum input signal strength that an amplifier can amplify in a linear manner. 

Conversion gain 

A measure of the gain of a mixer, measured from the signal input port to the output port. 

Cordless Telephone - Second Generation (CT2) 

A digital cordless telephone standard developed in France and Britain for residential and office use. Also very popular in Hong 
Kong and other Far East countries. 

Cordless telephony 

A cordless telephone is a device which serves the same basic function as an ordinary telephone, but without the restriction of a 
cord. They have a limited range of service, and are intended for use in and around the home. Cordless telephones do not 
require third party infrastructure or subscriber fees. 

Differential Quadrature Phase Shift Keying (DQPSK) 

A modified form of quadrature phase shift keying which offers a slight improvement in performance. 

Digital Communications Service at 1800 MHz (DCS-1800) 

A modification of the GSM protocol to allow operation at 1800 MHz for European PCS applications. 
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Digital Communications Service at 1900 MHz (DCS-1900) 

A modification of the GSM protocol to allow operation at 1900 MHz. This is one of several proposed standards for broadband 
PCS and unlicensed PCS in the United States. 

Digital European Cordless Telephone (DECT) 

A standard for digital cordless telephones which is adopted throughout Europe. Originally designed for office applications, it has 
voice and data capability inherent to the standard. It is now becoming more common for residential use as well. 

Direct Conversion Receiver 

A radio receiver architecture where the local oscillator frequency is set equal to the carrier frequency of the signal of interest. 
This produces an output signal which is centered at 0 Hz, which means that the signal is directly converted to its baseband 
representation. This architecture is used most commonly in pagers. Also known as a homodyne receiver. 

Dual Conversion Receiver 

A radio receiver architecture which uses two frequency conversions (via two separate mixer/local oscillator combinations). Dual 
conversion receivers generally give superior performance, but at the expense of extra component count and cost. Also known 
as a dual superheterodyne receiver. 

Dual modulus prescaler 

A prescaler which has two distinct divide ratios. The choice of divide ratio is determined by a control input to the prescaler 
which is generated by the swallow counter of a PLL 1C. 

Duplexer 

A device which is used in systems which utilize frequency division duplexing. It consists of two filters, one for the frequencies 
used for the received radio signals, and one for the frequencies used for the transmitted radio signals. The duplexer provides 
the receiver with isolation from interference from the transmitter for radio systems which use the same antenna for both transmit 
and receive. 

Duplexing 

The rules which determine how two radios transmit and receive signals to each other. 

Dynamic Range 

The range of input signal strength that a radio receiver can detect properly. It is bounded on the low end by the noise of the 
receiver, and on the high end by the distortion and nonlinearity of the receiver. 

Frequency Division Duplexing (FDD) 

A method of duplexing where a radio transmits on one carrier frequency, and receives on another frequency, so that the 
transmission and reception do not interfere with each other. 

Frequency Division Multiple Access (FDMA) 

A type of multiplexing for wireless systems where each radio conversation is assigned a unique carrier frequency exclusively 
for their use. 

Frequency Modulation (FM) 

A method of analog modulation where the input data signal is used to vary the frequency of the carrier 
Frequency Shift Keying (FSK) 

A method of digital modulation where the frequency of the carrier alternates between two or more discrete frequencies based 
on the state of the digital Input data signal. It is relatively easy and Inexpensive to implement, but it has poor spectral efficiency. 

Gain 

The ratio of the signal strength at the output of a device to the signal strength at its input. 

Gaussian Minimum Shift Keying (GMSK) 

This is a special, tightly controlled version of frequency shift keying modulation designed for better spectral efficiency. It is the 
modulation method used for GSM and Its derivatives. 

Global System for Mobile Communications (GSM) 

A standard for digital cellular telephone service which was originally developed for use in Europe. GSM is now being adopted 
as the digital cellular standard in many areas of the world, with the exception of Japan and the United States. 
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Low noise amplifier (LNA) 

An amplifier used at the input of radio receivers which amplifies the radio frequency signals. LNAs are designed so that they 
add the smallest possible amount of noise to the received radio signal. 

Messaging 

A service which is functionally equivalent to wireless electronic mail. Moderate length text messages can be sent and received 
from a portable device, such as a personal digital assistant. 

Mixer 

A device which multiplies two input signals together. It is used in conjunction with a local oscillator to perform frequency 
translations on radio signals. 

Multiplexing 

The means by which wireless communication systems accommodate many users simultaneously. 

Narrowband Advanced Mobile Phone Service (N-AMPS) 

A modification to the AMPS cellular telephone standard in the United States which reduces the bandwidth of a frequency 
channel by a factor of three, thus increasing the capacity of a cellular system threefold. 

Narrowband Personal Communication Service (N-PCS) 

A standard which is being deployed in the United States which provides advanced digital messaging services, such as 2-way 
paging. 

Noise 

Random electrical signals which are generated in all electrical circuits. Excessive levels of noise prevent radios from detecting 
input signals with low signal strengths. 

Noise Figure (NF) 

A measure of the amount of noise that an amplifier or mixer adds to the input signal. 

Nordic Mobile Telephone (NMT) 

One of the first analog cellular systems developed, now in use In Norway, Sweden, Finland, and a number of other countries. 
Paging 

A basic form of wireless communication which allows a user to be notified, via a beeping sound from a small radio receiver 
known as a pager, that someone is trying to contact them. More sophisticated paging products have an alphanumeric display 
which allows small text messages to be sent to the user. Conventional pagers are receive-only devices, and do not contain a 
transmitter of any kind. 


Passband 

The input signal frequencies which a filter allows to pass through to its output. 

Personal Communications Network (PCN) 
see Personal Communications System 

Personal Communications System (PCS) 

A generic classification of digital wireless communications services which are under development in both the United States, 
Europe, and Japan. PCS is envisioned as a means to provide a ubiquitous Hanytime, anywhereQ communication service for 
voice, data, messaging/ paging, and eventually compressed video. 

Phase detector 

A component of a phase lock loop system which compares the relative placement in time of the positive edges of its two Input 
signals. The results of this comparison are used to control the charge pump of a PLL system. 


Phase lock loop (PLL) 

A circuit which generates an output signal whose phase and frequency characteristics are controlled by an input reference 
signal. A basic PLL system consists of a reference signal, a phase detector, a charge pump, a loop filter, and a voltage 
controlled oscillator (VCO). Almost all PLL systems also include programmable counters and prescalers which allow the output 
frequency of the PLL to be set to a non-integer multiple of the reference signal. 
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In integrated circuit terms, a PLL refers to the integration of the phase detector, charge pump, programmable counters, and in 
some cases the prescaler, onto one IC. This is also known as a synthesizer. 
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Harmonics 

Signals at frequencies which are integer multiples of the frequency of a sinusoidal signal. Harmonics are caused by 
nonlinearities in amplifiers and mixers which distort the fundamental signals. 

Homodyne Receiver 

see Direct Conversion Receiver 

IF filter 

A filter which is used on radio signals which have been converted down to an intermediate frequency. The IF filter has a 
passband width equal to the bandwidth of an individual frequency channel for the application. The IF filter selects which 
frequency channel will be demodulated by the radio. 

Image filter. 

A filter used at the Input of radio receivers which allows only the relevant frequencies for that application to pass through, and 
rejects all other frequencies. 

Industrial, Scientific, and Medical (ISM) 

Radio frequency bands available in the United States and some parts of Europe for unlicensed radio operation. The ISM bands 
are commonly used for digital cordless telephones and wireless local area networks (WLANs). Most applications using the ISM 
bands utilize spread spectrum techniques. The three ISM bands available in the US are 902-928 MHz, 2.4-2.483 GHz, and 
5.725-5.85 GHz. 

Insertion loss 

A measure of how much signal strength is lost on signals within the passband of a filter. 

Interim Standard 54 (IS-SA) 
see Interim Standard 136. 

Interim Standard 95 (IS>95) 

One of two competing standards for digital cellular telephone service in the United States. This standard specifies the use of 
code division multiple access (CDMA) as the method of multiplexing. This standard was originally developed by Qualcomm. 

Interim Standard 136 (IS-136) 

One of two competing standards for digital cellular telephone service in the United States. This standard, formerly known as 
IS‘54, specifies the use of time division multiple access (TDMA) as the method of multiplexing. This standard was originally 
developed by a consortium of cellular service providers and equipment manufacturers led by Motorola. 

Intermediate frequency (IF) 

The frequency that the high frequency radio signal is translated to by the mixer and local oscillator. 

Interstage filter 

An interstage filter is used to filter signals between stages of a power amplifier. They are used to filter out any harmonics which 
may be generated by distortions in the power amplifier, 

Japanese Digital Cellular (JDC) 

The standard for digital cellular telephones in Japan. Also known as RCR-27. 

Local oscillator (LO) 

A pure sinusoidal signal which is used in conjunction with a mixer to perform precise frequency translations on radio signals. 
The local oscillator signal is often generated by using a voltage controlled oscillator (VCO) which is controlled by a phase lock 
loop (PLL), The tuning of a radio to a specific frequency channel is accomplished by setting the frequency of the LO to an 
appropriate value. 

Lock time 

The time that a phase lock loop takes to change its output frequency and have it become locked to the reference signal. 

Loop bandwidth 

A measure of how quickly a phase lock loop responds to keep its output signal locked to the reference signal. 

Loop filter 

A component of a phase lock loop system which converts the pulses of electrical current from the output of the charge pump 
into a voltage which is used as the input to a voltage controlled oscillator. 
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Phase noise 

A measure of how much a fixed frequency oscillator signal varies in frequency due to the effects of random noise in the 
oscillator circuit. 

Power amplifier (PA) 

This device takes a modulated transmit signal at the RF frequency and amplifies it to a level which is appropriate to drive the 
antenna. It is often implemented as a series of amplifier stages. 

Prescaler 

A device which takes the high frequency output signal from a VCO and divides the frequency down to a value which can be 
used as an Input to the program counter divider portion of a PLL. 

Program counter (N-counter) 

A component of a phase lock loop system which divides the output frequency of the voltage controlled oscillator, usually after it 
has already been divided by a prescaler, before presenting it as an input to the phase detector. The amount of frequency 
division performed by the program counter can be altered by programming the counter with a different value, which will result in 
a course change In the output frequency of the PLL system. 

Quadrature Amplitude Modulation (QAM) 

A complex method of digital modulation where the input data signal controls both the amplitude and phase of the carrier. It is 
difficult and expensive to implement, but is one of the most spectrally efficient form of modulation. 

Quadrature modulator 

A device which is used in radios which utilize complex digital modulation techniques such as QPSK and QAM. It takes a local 
oscillator signal and splits it into two components, identical in frequency but separated in phase by 90 degrees. These two 
signals are then modulated by two separate Input signals (the i and Q data signals), and the resulting modulated signals are 
then combined into one signal and fed into a mixer to be upconverted in frequency to the proper RF frequency. 

Quadrature Phase Shift Keying (QPSK) 

A method of digital modulation where the phase of the carrier takes on one of four possible values, corresponding to the state 
of two digital input data bits which control the modulation. It is a popular form of modulation because it represents a good 
compromise of ease of implementation and spectral efficiency. 

Reference counter (R-counter) 

A component of a phase lock loop system which divides the frequency of the reference signal before presenting it as an input 
to the phase detector. Changing the value that is stored in the reference counter results in a change In the size of the frequency 
steps that the PLL output frequency can make. 

Reference signal 

The external signal used by a phase lock loop system as the reference from which the output signal of the PLL is derived. 
Specialized Mobile Radio 

Private, licensed mobile radio networks commonly used for dispatching services for taxis, delivery companies, etc. 

Spectral Efficiency 

A measure of the data rate which can be sent per 1 Hz of bandwidth. Units are In bits per second per Hz (bps/Hz), The greater 
the spectral efficiency, the greater the channel capacity. 

Spread spectrum 

A technique developed for military communications which essentially “spreads” a narrow bandwidth radio signal over a wide 
frequency band in order to make the signal less susceptible to interference. It is also used to improve the security of a wireless 
data transmission, as it is difficult to intercept. 

Spurious signals, spurii 

Unwanted signals at frequencies other than the desired frequency. Spurii result from the operation of a phase lock loop (due to 
the inherent operation of the phase detector), and from unwanted mixer output signals. 

Stopband 

The input signal frequencies which a filter prevents from passing through to its output. 


Terms and Phrases Associated with Wireless (Continued) 


Swallow counter (A>counter) 

A component of a phase lock loop system which works in conjunction with the program counter to control the divide ratio of a 
dual modulus prescaler. Changing the value programmed in the swallow counter will result in a fine change in the output 
frequency of the PLL system. 

Synthesizer 

A common term for an phase lock loop integrated circuit. 

Time Division Duplexing (TDD) 

A method of duplexing where a radio transmits and receives on the same carrier frequency, but at different times, so that the 
transmission and reception do not interfere with each other. 

Time Division Multiple Access (TDMA) 

A type of multiplexing for wireless systems where multiple radios use the same carrier frequency, but only In certain specified 
timeslots, so that no two radios use the same carrier frequency at the same time. 

Time Division Duplexing (TDD) 

A method of duplexing where a radio transmits and receives on the same carrier frequency, but at different times, so that the 
transmission and reception do not interfere with each other. 

Unlicensed Personal Communication Service (U-PCS) 

A standard under development in the United States to provide digital wireless service In a manner similar to cordless telephony, 
in that the service will not require access to third-party infrastructure. 

Voltage controlled oscillator (VCO) 

A device which produces a sinusoidal output signal. The frequency of the output signal is controlled by a voltage at the input to 
the device. 

Wireless Local Area Network (WLAN) 

A computer network which allows the transfer of data and the ability to share resources without the need to physically connect 
each node with wires. Popular with users of portable computers, and in environments where it is impractical to install a wired 
LAN. 
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